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ABSTRACT 


Quality assurance is a crucial function to the successful 
development and maintenance of a software system. Because 
this activity has a significant impact on the cost of 
software development, the cost-effectiveness of quality 
assurance is a major concern to the software quality manager. 
There are tradeoffs between the economic benefits and costs 
of quality assurance. 

Using the Dynamo model of software project management, an 
optimal quality assurance level and its dastrsbputrion 
throughout a project s lifecycle can be identified. The 
focus of this thesis is to automated the process of 
identifying the optimum quality assurance level. 

An expert system was developed that, when interfaced with 
the Dynamo model, will generate the optimum quality assurance 
distribution for a given set of parameters. The ability of 
the expert system to generated more cost-effective quality 


assurance levels than manually achievable was shown. 
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I. COUPLING EXPERT SYSTEMS AND SIMULATION 


A. MOTIVATION 

Management today is increasing in difficulty as the man- 
established systems of our society grow more complex. This 
complexity has as its basis the interrelations among the 
diverse elements of organizations and their interaction with 
other physical systems. Very often, changing one aspect of a 
system will produce changes or create-the need for changes in 
other parts of the system. Since the arrival of electronic 
computers, one of the most useful tools for analyzing the 
design and operation of complex systems is simulation. 

Simulation is the process of designing a model of a real 
system for the purpose either of understanding the 
behavior of the system or of evaluating various 
strategies (within the limits imposed by a criterion or 
set of criteria) for the operation of the system. [Ref. 
ΠΡ. 1-2] 

Effective computer simulation modeling requires the 
analysis of decisions that managers make along with the types 
of data and systematic methods that are most valuable in 
achieving those decisions. A mathematical model of a 
Situation will often not be enough since qualitative reasoning 
is needed to understand the quantitative significance of the 
many problem variables. Therefore, in order to solve 
complicated problems, a solution which can continually shift 


between formal analysis and qualitative reasoning is required. 


[Ref. 2:p. 273] 


Artificial intelligence (AI) is involved with designing 
computer systems that can imitate human thought for certain 
limited areas. Some of the human thought characteristics 
include the ability to learn, reason, solve problems, and 
understand ordinary human language. [Ref. 3:p. 276] 

Advances in AI and expert systems have allowed for the 
design and implementation of coupled systems that can 
efficiently and effectively interleave the qualitative and 
quantitative components. Modules that relate to decision 
making processes can be modeled by an.expert system, while 
modules that are associated with physical processes can be 
designed using a dynamic simulation model [Ref. 2:p. 273]. 

Simulation models accommodate many of the ideas being used 
in AI. Despite these similarities, there are important 
differences between the simulation modeling that is being done 
today and the AI-based (expert) simulation modeling approach. 
The primary difference is in the way the model is built and 
run. Simulation is an iterative process of designing the 
model, deciding on the inputs, running the experiment, 
analyzing the results, deciding on new inputs, running the 
experiment, and so on. Simulation modelers must convert the 
operation of a system into a set of numeric inputs and 
algorithms that are executed in sequential order. With an 
expert simulation system, the modeler asserts the knowledge 
about the system, defines the goals, and lets the computer 


find the solution. Figure l-1 delineates some of the other 


differences between a simulation model and an expert 


simulation system. [Ref. 3:p. 278] 


Simulation Model Expert Simulation System 


Primarily numeric Have many symbolic processes 


Algorithmic Use pattern invoked search 
(solution steps explicit) (solution steps not explicit) 


Integrated information and Command structure separate from 
control knowledge domain 


Several steps done outside of All expertise possible built 
the model into the model to minimize user 
decisions 


Model cannot do anything that Model can learn from its own 
is not preplanned experience and modify itself 
as needed 





Figure 1-1. Differences between Simulation Models 
and Expert Simulation Systems 


B. EXPERT SYSTEM AND SIMULATION MODES 

There are various applications of expert systems in 
Simulation that can be particularly worthwhile. The first 
and most obvious way the two can be combined is by embedding 
an expert system into a simulation model, or vice versa. 
This is shown in figure 1-2. Many simulation models already 
use some knowledge, in addition to data. Embedding a 
simulation model with an expert system would allow the expert 
System to use time-dependent variables whose values are 


updated by the simulation. [Ref. 4:pp. 11-12] 






Simulation Simulation Expert 
oystem 





Figure 1-2. Embedded Expert System/Simulation Model 


Expert systems and simulation models that are designed, 
developed, and implemented separately, may interact. An 
expert system can be used as an interface between the user 
and a simulation model, or the simulation model can serve as 
the interface between the user and an expert system. Figure 
1-3 displays these two configurations. This thesis uses an 
expert system module to interrogate a project management 
simulation model iteratively until an optimal result is 


obtained. [Ref. 4:pp. 11-12] 


Simulation 


Simulation 





Figure 1-3. Parallel Expert System and Simulation Model 


In some cases, the user will need to have access to both 
the expert system and the simulation model. Both will be 
used together, sharing data, and cooperating to accomplish 
some task. Figure 1-4 shows two examples of this 
configuration. This type of cooperation would be used when 
an expert system is used as an advice-giving tool to help the 
user with the operation or development of a simulation model. 
With the increasing trend of handing over simulation models 
to inexperienced end users, this would be especially 
advantageous to support tne use, and guard against the misuse 


of such systems. [Ref. 4:p. 12] 


Simulation 


i Simulation 





Figure 1-4. Cooperative Expert System/Simulation Model 


The final application of the coupling of an expert system 
with a simulation model is that of using the expert system as 
an Intelligent Front End for an existing simulation model. 
This expert system would fit between a simulation model and 
its user, generating the necessary instructions or code to 


use the model after an exchange with the user. It would also 


interpret and explain any results from the model to the user. 


Figure 1-5 displays this architecture. [Ref. 4:p. 12] 


Samu lation 





Figure 1-5. Intelligent Front End 


C. OBJECTIVE OF THESIS 

The objective of this thesis is to research the 
Significance of implementing a decision making process with 
an expert system and a simulation oder that were developed 
in parallel. The specific decision making process is that of 
choosing the optimal distribution of quality assurance effort 
to be expended throughout the lifecycle of a software 
project. 

A comprehensive system dynamics model of the software 
development process has been developed that can serve as an 
experimentation vehicle for quality assurance policy. The 
model shows that the level of quality assurance expenditure 
has a significant impact on a project's total cost. Using 
the model, an optimal quality assurance level and its 
distribution throughout a project's lifecycle can be 
identified. This identification of the optimum level of 
quality assurance is presently done manually. This thesis 
will attempt to automate the process by interfacing an expert 


system with the software development model. 


II. THE DYNAMO MODEL OF SOFTWARE PROJECT MANAGEMENT 


A. OVERVIEW 

Over the past 20 years there has been extraordinary 
growth in the demand for software systems. In recent years, 
rapid technological advancements in computer hardware, and 
the succeeding reduction in equipment cost, has increased the 
demand for hardware, resulting in an increase in the demand 
for software. Unfortunately, the software development 
process has become known for its problems of cost overruns, 
late deliveries, poor reliability and users’ dissatisfaction. 
ແ ..5:0.. 1| 

There are many variables that effect the software 
development process. These variables are not independent, 
but have complex relationships to one another. Understanding 
the operation of such a system is too complex for human 
intuition. [Ref. 5:pp. 6-7] 

The Dynamo Model of Software Project Management is a 
comprehensive model of the software development process. The 
model is written in Professional Dynamo, a continuous 
simulation language developed in the late 1950's at the Sloan 
School of Management at M.I.T.. It can perform several 
Enportant functions, including its main goal of aiding the 
project manager in understanding the software development 


process. The manager can use the model to perform "what if" 


experiments and develop a more complete understanding of the 
interrelationships of software development variables. 

This thesis will specifically conduct "what if" 
experiments using the model to determine the impact of a 
project's quality assurance effort on the total cost of the 
project. The model can track, store, graph and plot large 
amounts of project data quickly and efficiently, allowing the 
manager to enrich and fine tune his basic understanding of 
the software development process through the use of a 
computer simulation model [Ref. 5:pp. 7-8]. 

The model can also be used to help the software manager 
in the management of an actual software project. For 
example, the model can be used to estimate the total project 
cost, the schedule completion time, and a number of other 
factors. Variables such as the Fraction of Manpower Devoted 
to Quality Assurance (TPFMQA) can be changed and simulations 
can be run in a matter of minutes to determine the effects of 
the change. This capability allows the manager to 
objectively evaluate different management strategies. 

[Ref. 5:pp. 7-8] 

The model combines the multiple functions of the software 
development process. It includes both the management-type 
operations of planning, control and staffing, along with the 
software production-type activities of design, coding, 
reviewing, and testing. This integrative technique is 


effective as it prompts and assists in identifying the 


multiple, and conceivably scattered, set of factors that are 
compounding to cause some software project problems. [Ref. 
5:p. 7] 

Another characteristic of the Dynamo model is the use of 
System Dynamics feedback principles to organize and explain 
the complex structure of dynamically interacting variables 


involved in the development and management of software 


projects. Feedback is the mechanism in which an action taken 
by an entity will ultimately affect that entity. [Ref. 5:p. 
7] 


A third feature of the Dynamo model is its use of the 
computer simulation tools of System Dynamics to deal with the 
highly complex integrative feedback model. Even though the 
dynamic effects of single feedback loops may be quite 
obvious, the actions of systems with interconnected feedback 
loops will often confuse human intuition. Because of the 
complexity of the feedback structures present in many real 
problems, a problem s behavior over time may only be 
traceable through the use of simulation techniques. [Ref. 
Ep. 7-8] 

The Dynamo model is made up of four subsystems, namely 
(1) the Human Resource Management Subsystem; (2) the Software 
Production Subsystem; (3) the Controlling Subsystem; and (4) 
the Planning Subsystem. Figure 2-1 shows some of the 


interrelationships between these subsystems. [Ref. 5:p. 9] 


The Human Resource Management Subsystem deals with the 
hiring, training, assimilation, and transfer of a project s 
human resources. The workforce is segregated into two 
categories of employees, "NEWLY HIRED WORKFORCE" and 
"EXPERIENCED WORKFORCE". This allows the model to compensate 
for the lower productivity of the less experienced workforce, 
as well as capturing the training processes involved in 
bringing new members into the project team. The Human 
Resource Management Subsystem provides workforce available to 


the Software Production Subsystem. [Ref. 5:pp. 9-11] 
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Figure 2-1. Four Subsystems of the Dynamo Model 
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The Software Production Subsystem deals with the 
development, quality assurance, rework, and testing 
activities. Development includes both the design and coding 
of software. As the software is developed, it is reviewed to 
detect errors. Errors that are detected through these 
quality assurance activities are then reworked. Some errors 
will not be detected and reworked until the testing phase. 
The Software Production Subsystem provides the Controlling 
Subsystem with the tasks completed. [Ref. 5:pp. 12-13] 

The Planning Subsystem makes the initial project 
estimates for variables such as completion time, staffing 
load, and total man-days. As the project proceeds through 
its lifecycle, these estimates are revised. The Planning 
Subsystem provides the level of the workforce needed to the 
Human Resource Management Subsystem and the schedule to the 
Software Production Subsystem. [Ref. 5:p. 21] 

Finally, the Controlling Subsystem measures the progress 
on the project. This subsystem provides effort remaining to 
the Planning Subsystem and progress status to the Human 


Resources Management Subsystem. [Ref. 5:p.17] 


B. THE QUALITY ASSURANCE SECTOR 

Quality assurance (QA) is handled by the Software 
Production Subsystem of the Dynamo Model of Software Project 
Management. The QA distribution is defined in the model by 
the FRACTION OF MANPOWER DEVOTED TO QUALITY ASSURANCE 


(TPFMQA).  TPFMQA is the percent of development effort 


pl 


allocated in the project s plan for OA activity during ene 
design and coding stages. Figure 2-2 shows how the eleven 
TPFMQA values correspond to the percent of tasks developed 
for a given project. A sample initial uniform distribution 


of quality assurance is also shown in Figure 2-2. 


IPFMOA POINT DEFI 


ະຟ ຟະ pop 


1.9 


% Tasks Dev t 


CERES ERERERERE ERERERCIES 
sample TPFMQA |.15/.15/[.151.15 15|.15].15].15].15].15| 0 | 





Figure 2-2. Definition of TPFMQA points 


Obviously the uniform distribution is not necessarily the 

most cost effective distribution. 

To identify a more cost effective distribution, we 

started with the 15% uniformly distributed policy and 

searched for areas in the project's lifecycle where such 

a level is not cost effective. This was done by 

conducting simulation runs to test the impact of negative 

impulses in the QA level, as the one shown in Figure 2-3. 

[Ref. 6:p. 407] 
The magnitude of the pulse is a set percentage of the TPFMQA 
value (the percentage is entered by the user). If the 
result of this pulse is a decrease in the project s total 
cost, then it would indicate that the original QA value was 
too high. If the result of the pulse is an increase then a 
positive pulse at that point will be generated. If this 
results in a lower project cost then the original QA value 


was too low. If both a negative and positive pulse result in 


higher project costs then the original QA value at this point 
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Figure 2-3. Example Negative Impulse. 
is maintained. After the lowest cost alternative (negative 


pulse, positive pulse, or no pulse), at one point is found, a 
negative pulse is introduced to the next point. This 

ແ ρε JS repeated at each of the first ten IPFMOQA points 
in one cycle. 


Figure 2-4 summarizes the results obtained from a series 
of simulation runs in which negative impulses were 
applied at different stages of the lifecycle. The 
results show that the simplistic uniform distribution 
policy under-spends in the early phases of the project 
and over-spends in the middle and final stages. By 
reiterating through the above experimentation strategy we 
can use the model to derive a more cost-effective QA 
distribution. [Ref. 6:p. 407] 
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Figure 2-4. TPFMQA Distribution After One Cycle. 
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III. THE EXPERT SYSTEM SIMULATION MODEL, 


A. INTRODUCTION 

This chapter will provide a detailed description of the 
expert system simulation model. Explanatory information is 
provided for each of the rules in the Prolog program as well 
as all of the files that are required for the Prolog to 
Dynamo interface. This chapter will serve as a users manual 
for the system, providing guidance on,.operating the system 
and explaining how it works. 

The expert system simulation model consists of one Prolog 
program, a Dynamo model, and various other system files 
required for the interface between Prolog and Dynamo. First, 
the system architecture will be examined. Then each of the 
15 Prolog rules of the expert system module will be 
explained. Finally, initialization procedures will be 
discussed. 

Operation of the expert system simulation model requires 
an IBM or IBM compatible AT microcomputer with 640 K of RAM 
and a hard disk. Microsoft (MS) or Personal Computer (PC) 


DOS 2.Xx or greater is also required. 


B. THE EXPERT SYSTEM SIMULATION MODEL ARCHITECTURE 
The main components of the expert system simulation model 


architecture and the execution flow through the system are 
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shown in figure 3-1. The following files were created for 
this architecture: 


PQA. ARI 

SUMMARY . DAT 
PROJECT . DYN 
PROJECT. DNX 
PROJECT.OUT 
PROJECT.DRS 

















FRANK.BAT 
writes: TPFMQA, CUMMD 
FOR CARL SUMMARY .DAT 
Prolog Program IPFMQA 
CUMMD 
receives: passes: 
cummd ( CUMMD). TPFMQA 






PROJECT . OUT 
CUMMD 






PROJECT. DNX 
TPFMQA 








FRANK. BAT 
Batch file 








system call system call 







REP EXE PROJECT OP YN DYNEX.EXE 












Dynamo 
Dynamo Report Simulation Dynamo 
Generator (Run through) Interface 
SMLT.EXE 


CUMMD IPFMQA 


Figure 3-1. The Expert System Simulation Model Architecture 
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POA.ARI, which is the Prolog program that controls the 
execution of the expert system simulation model, will be 
discussed in detail in Chapter III Section C. The rest of 
these files will be explained in this section. 

1. SUMMARY .DAT 

This file is used to collect a record of each of the 
TPFMQA tables used during each run of the expert system 
simulation model as well as the cumulative man day total 
associated with each set of TPFMOA values. The cumulative 
man day total appears directly below its TPFMQA table. There 
are also entries made in this file for the five initial input 
parameters, namely, pulse size factor, maximum number of 
Cycles, exit condition, minimum QA value and the original 
TPFMOA table. Finally, the best cumulative man day total is 
repeated at the end. Figure 3-2 is an example of the 


contents of SUMMARY.DAT. 


Pulse size factor = 0.15 
Maximum number of cycles = 30 
Exit condition = 0.0000001 
Minimum QA value = 0.03 


TPFMQA=0.15/0.15/0.15/0.15/0.15/0.15/0.15/0.15/0.15/0.15/0 
1. CUMMD=1656.71 


* * * k k k * k k k * k * k * * Start of a new cycle * * * * k k k k k k k k * k * * 


TPFMQA-O.128/0.15/0.15/0.15/0.15/0.15/0.15/0.15/0.15/0.15/0 
1. CUMMD-1707.37 

TPFMQA=0. 173/0. 15/0. 15/0. 15/0. 15/0. 15/0. 15/0. 15/0 . 15/0. 15/0 
2. CUMMD=1616.99 

The best CUMMD is: 1616.99 


Figure 3-2. Sample Contents of SUMMARY. DAT 


τν 


2. PROJECT.DYN 
This file is the dynamo simulation model. This model 
is discussed in Chapter II. 
3.  PROJECT.DNX 
This file is recreated by POQA.ARI every time we run 
the simulation, i.e. with a different TPFMOA value. It 
contains one line in the following format: 
T TPEMQA-O.15 0.15 0.75 0:15 0.15 “15 444“ TONM ERE 
The Dynex Model Interface uses this file to determine the 
applicable TPFMQA values for the simulation. 
4. PROJECT.DRS 
When the simulation for a particular TPFMQA value is 
finished, the Dynamo Report Generator uses this file to 
format its output. In this case the only output of interest 
is the value of the cumulative man days. This needs to be 
stored in a format suitable for the Prolog Program PQA.ARI to 
read it (i.e., as: cummd(1515.66).).  PROJECT.DRS is listes 
below: 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΒΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΒΗΗΗΗΗΗΗΗΗΒΗΗΗΗ 
REPORT 
TIME=MAXTIME, 
FORMAT="1<,15>,16<", PICTURE="2ZZZZ2ZZV .99" 
"cumma ο, E 


ΗἩΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 


qs 


5.  PROJECT.OUT 

This is the output file actually created by the 
Dynamo Report Generator (on the basis of the format specified 
by PROJECT.DRS). It contains the cumulative man days total 
for the last run of the simulation in the format of a Prolog 
ixSC (cummd(1515.66).). 

6. FRANK.BAT 

This is a DOS batch file that executes the Dynex 
Interface, the Dynamo Simulator, and the Dynamo Report 
Generator. It is called by POA.ARI to initiate a simulation 
run every time a change is made to TPFMOA, i.e., a new pulse 
(either negative or positive) is generated. When the batch 
file is finished executing, control is automatically passed 
back to PQA.ARI. A listing of FRANK.BAT is shown below: 
ΗἩΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
DYNEX PROJECT -d project.drs 
IF ERRORLEVEL 4 GOTO ERROR 
SMLT PROJECT -GO = -DTM = 
REESEROJECT -T 
GOTO EXIT 
: ERROR 
ESHOI*S* ERROR 1 **** 
EXIT 


ΗἩΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗῊ 
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7. OTHER FILES 
In addition to the above files, the following 
executable files are required to run the expert system 
simulation model: 
API.EXE (Arity Prolog Interpreter) 
DYNEX.EXE (Dynamo Model Interface) 
SMLT.EXE (Dynamo simulator) 
REP.EXE (Dynamo Report Generator) 
C. THE EXPERT SYSTEM MODULE 
The expert system module, i.e. POA.ARI, is designed to 
yield the optimal quality assurance distribution for a given 
software project. The quality assurance distribution is 
defined in the Dynamo Model by the FRACTION OF MANPOWER 
DEVOTED TO QUALITY ASSURANCE (TPFMQA). 3 TPFMQA is the percent 
of development effort allocated in the project s plan for QA 
activity during the design and coding stages. 
Though it is common practice, a uniformly distributed QA 
effort is not necessarily the most cost effective. 
To identify a more cost effective distribution, we 
started with the 15% uniformly distributed policy and 
searched for areas in the project s lifecycle where such 
a level is not cost effective πε: ο σος ο 
conducting simulation runs to test the impact of negative 
impulses in the QA level. [Ref. 6:p. 407] 
The magnitude of the pulse is a set percentage of the TPFMQA 
value (the percentage is entered by the user). If the result 
of this pulse is a decrease in the project s total cost, then 
it would indicate that the original QA value was too high. 


If the result of the pulse is an increase then a positive 


pulse at that point will be generated. If this results ina 
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lower project cost then the original QA value was too low. 
If both a negative and positive pulse result in higher 
project costs then the original QA value at this point is 
maintained. After the lowest cost alternative (negative 
pulse, positive pulse, or no pulse), at one point is found, a 
negative pulse is introduced to the next point. This 
procedure is repeated at each of the first ten TPFMQA points 
in one cycle. The user can select to put a ceiling on the 
total number of cycles to be evaluated. 

POA.ARI is written in Arity Prolog and contains 15 rules. 
The remainder of this section will explain each of the rules. 
A listing of the rule will follow the explanation. The full 
listing of the program is provided in Appendix A. 

Several Arity Prolog predicates appear often in the code 
listings. These predicates are listed and explained below 


| ໃຂ. 7:pp. 271-290]: 


asserta(Clause) Adds a clause to the beginning of a 
database 
call(goal(X)) Looks for goal(X) in the database. X 


will be assigned the value of the first 
case of the goal predicate encountered. 

create(F, file’) Creates “file and opens it as file F to 
write. 

ifthen(P,ỌQ) If P is true, then execute Q. 

ifthenelse(P,Q,R) If P is true, then execute Q, otherwise 
execute R. 

open(F, file ,r) Opens “file as file F to read. 

open(F, file ,a) Opens “file as file F to append. 


read(Term) Reads term from the keyboard. 

read(F,Term) Reads term from the file opened as F. 

retract(Clause) Removes the clause from the database. 

shell(DOScommand) Executes the DOS command and returns to 
Prolog: 

write(Term) Writes term to the screen. 

write(F, Term) Writes term to the file opened as F. 
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1. Rule - pqa 
This rule starts the system. First it prompts the 

user to input the five parameters: pulse size factor, maximum 
number of cycles, exit condition, minimum QA value, and the 
initial distribution. Then it calls the rules calc_zero, 
initial run, and dopqa. 
HHUHHHHHHHHHHHHHEHHHHHHHHEHHHHEHHHHHEHH HE HE EH HE HE EH HE HE HE E E HE HE E E HE HE HE WE HE E E 
pda:- 

asserta(number(1)), 

asserta(calc(O)), 

write( What is your desired pulse size factor? '), 

read(PU), 

asserta(size(PU)), 

write( What is the maximum number of cycles? ^), 

read(MX), 

asserta(cycle(MX)), 

asserta(newcycle(1)), 

write( What is the exit condition? ^), 

read(EX), 

asserta(stop(EX)), 

write( What is the minimum QA value? `), 

read(MN), 

asserta(min(MN)), 

write( Enter the initial QA distribution. Point 1 ^), 

read(QA1), 


write(' ΝΣ 
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read(QA2), 


write(: ຍາງ, 3 “. ) ., 

read(QA3), 

write(' Poem '), 

read(QA4), 

write(' Dose. s 

read(QA5), 

write(' Foil Oo e 

read(QA6), 

vrite( | σαν που. 

read(QA7), 

write("' Portes 

read(QA8), 

write(' Font o. ay 

read(QA9), 

write(: Ἐς πεν. ΙΟ, 
read(QA10), 

write(' PO wie. ales 5 
read(QAl11), 


calc zero(PU,MX,EX,MN), 
initial run(QA1,QA2,QA3,0A4,0A5.,0A6.0A7,0A8,0A9,0QA10, 
QAl11), 
dopqda. 
r end of pqa */ 


ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ͂ 
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2. Rule - dopqa 
This rule is a repeat-fail loop. This loop is needed 

to allow the expert system simulation model to move from one 
TPFMQA value to the next. When the repeat clause is 
encountered, it is executed. This clause always succeeds. 
The program will continue through the clauses that follow 
until it comes to one that fails. Then the program will 
backtrack to the repeat predicate and execute the clauses 
again. In this rule, rule main is called and always 
succeeds. Then the clause "fail" is encountered. Because 
this clause will never succeed, the program will backtrack to 
the repeat predicate indefinitely. Program execution is 
halted through rules quit test and no calc. 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
dopqa: - 

repeat, 

main, 

fail. 
/* end of dopga */ 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 

3. Rule - main 
This rule first reads the position for the next 

negative pulse (ITER) and whether the last pulse was positive 
or negative (TYPE - O for negative, TYPE - 1 for positive). 
Using ITER, the previous position (PREV) is calculated. Then 


the man days total for the previous position (CHECK), and for 
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the current position in the last cycle (OLD) are read from 
the table of the last 10 cumulative man day totals 
(cummdold). The cumulative man days total for the current 
ΤΡΕΜΩΑ table is then read by rule read cummd and its value is 
assigned to the variable NEW. Based on the relationship 
between NEW and CHECK, the rule will next call another rule 
to generate either a negative (calc less) or a positive pulse 
(calc more). Finally, the current man days total is removed 
from the database. 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ͂ 
Ima ir: = 
/* get the x value for the pulse */ 

call(number(ITER)), 

eall(calc(TYPE)), 
/* get the previous man days */ 

ເ. is [[[ITER +} 8] mod 10] + 1], 

eed. (cummdold( PREV ,CHECK) ), 

eal (cummdold( ITER,OLD) ), 
/* get the man days from the last QA numbers */ 

read cummd, 

call(cummd(NEW)), 
ແ calculate the new y value (OA) for the current x value */ 

case( [NEW -« CHECK -^» calc less(ITER,NEW,OLD,TYPE), 

NEW » CHECK -» calc more(ITER,NEW,OLD,CHECK,TYPE)]), 
retract(cummd(NEW)), 


statistics, 
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write(ITER). 
/* end of modnm α 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΒΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 

4. Rule - quit test 
This rule is called from rule calc less whenever a 

new cycle begins. It checks to see if either of the exit 
criteria have been met. First, it compares OLD and NEW 
(described above) to see if the percent change is less than 
the number entered in response to the exit condition question 
at the start of the system. Next it checks to see if the 
maximum number of cycles has been reached. If either of 
these criteria succeeds then rule no calc will be called, 
otherwise rule calc less will proceed. 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
quit test(NEW):- 
/* get final man days of last cycle */ 

call(cummdold(1,OLD)), 
/* test if exit condition exits */ 

call(stop(EXIT)), 

ifthenelse(OLD=:=0,TEST is 100,TEST is abs(OLD-NEW)/OLD), 

Jfthen( TEST ΕΧΙΤ no cale (TIEW))_ 

call(cycle(MAX)), 

call(newcycle(NOW)), 

NEXT is NOW + 1, 

ifthen(MAX « NOW,no calc(NEW)), 


retract(newcycle(NOW)), 
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asserta(newcycle(NEXT)). 
/* end of quit_test */ 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 

5. Rule - calc zero 

This rule creates the DOS text file SUMMARY.DAT which 

contains a complete listimg of each TPFMQA table that has 
been generated, along with the associated cumulative man days 
cost for these TPFMQA values. After its creation the first 
four initialization parameters (pulse size factor (PU), 
maximum number of cycles (MX), exit condition (EX) and 
minimum QA (MN)) are written to the file. An example of the 


output is: 


Pulse size factor = 0.25 
Maximum number of cycles - 30 
Fx lla condition: O 00003 
Minimum QA value = 0.03 


ΗἩΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ͂Η 
eae) zZero(PU,MX,EX,MN):- 


create(S, summary.dat ), 


< ເ6ແ( ວ, ; Pulse size tactorr = ),write(S5,PU),ni(S), 
οτε», Maximum number of cycles = ),write(S,MX),ni(S), 
write(S, Exe condition ~ ο) οτι νο ο ΕΝ) οἱ 5). 
write(S, Minimum QA value = ^), 


wrrte(S.MN),nl($),nl(S), 
erose(S). 
ແ end of calc Zero */ 


ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΒΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ͂Η 
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6. Rule - calc less 
This rule is used to generate a negative pulse at the 

current position. First, at the beginning of each cycle 
(ITER - 1), it calls rule exit test to see if the exit 
criteria have been met. Next the QA values for the current 
position (QA) and for position number 10 (DIV) are read along 
with the pulse size factor (PULSE). Then the negative pulse 
(NEWQA) is calculated.  NEWQA is checked against the minimum 
QA value (MINQA) and the greater of MINOA and NEWQA replaces 
the current QA value. The table of old QA values is updated 
as is the position for the next negative pulse 
(number(ITER)). Finally the table of QA values (TPFMQA) is 
written to file PROJECT.DNX and the batch file (FRANK.BAT) to 
run the dynamo model is called. 
ἩΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ͂ 
Calc Pess(ITER;NEW,ODD,TYPE)-- 

ifthen(ITER =:= l,quit test(NEW)), 
/* read the current QA values */ 

call(tpfmqa(ITER,QA)), 

CIN CEN 

calt(isizetPUDSE))S 
/* calculate the new QA value (NEWQA) */ 

NEWQA is round([QA-[PULSE*DIV] ],3)., 
/* check if the new QA is less than the minimum (MINQA) */ 

call(min(MINQA)), 


retract(tpfmqa(ITER,QA)), 
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ifthenelse(NEWQA < MINQA,asserta(tpfmqa(ITER,MINQA)), 
asserta(tpfmqa(ITER,NEWQA))), 

Z/* add man days for this cycle */ 

tetract(cummdold(ITER,OLD)), 

asserta(cummdold(ITER,NEW)), 
/* move to the next position */ 

retract(number(ITER)), 

NEWITER is [ITER mod 10] -* 1, 

asserta(number(NEWITER)), 

output cummd(NEW,ITER), 

ifthen(ITER =:= 1l,output break), 

sutput tpfmqa, 

shell(frank), 
/* save fact that last pulse was negative */ 

metract(calc(IYPE)), 

asserta(calc(0O)). 
Z/* end of calc_less */ 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 

7. Rule - calc more 
If the result of rule calc less produces a more 

costly project, then calc more will be called. This rule 
will generate a positive pulse of the same magnitude as the 
negative pulse which led to a higher cost. If this positive 
pulse also results in a worse case, then the QA value will be 
returned to its original value for this cycle. This rule is 


very similar to rule calc less in the way it works. 


D 


ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
calc _more( ITER, NEW, OLD, CHECK a2 Ee 
/* reset the position back 1 */ 
NEWITER is [[[ITER + 8] mod 10] + 1j], 
call(tpfmqa(NEWITER,QA)), 
call(tpfmqa(10,DIV)), 
call(size(PULSE)), 
/* calculate new QA value depending on whether the last */ 


/* pulse was negative (TYPE - O) or positive (TYPE - 1) */ 


case([TYPE =:= 0 -> NEWOA is round(QA+[2*PULSE*DIV],3), 
TYPE =:= 1 -> NEWOA is round(QA-[PULSE*DIV],3)]), 
/* check if the new QA is less than the minimum (MINQA) */ 
/* add the new QA value to the database */ 
call(min(MINQA)), 
retract(tpfmqa(NEWITER,QA)), 
ifthenelse(NEWOA < MINQA,asserta(tpfmqa(NEWITER,MINQA) ), 
asserta(tpfmqa(NEWITER,NEWQA))), 
retract(cale (TYPE); 
/* reset the type of calculation */ 
case([TYPE-2:-20-» calc up(NEW,NEWITER), 
ΤΥΡΕΞ:Ξ1-» calc orig(NEWITER,ITER,NEW,OLD,CHECK)]). 
/* end of calc more */ 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
8. Rule - calc up 
Rule calc up is called by calc more to run the dynamo 


model after a positive pulse is made. First the fact that a 
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positive pulse has been made is added to the database, then 
the TPFMQA values are output to file PROJECT.DNX. And 
finally, the batch file (frank) is called to run the dynamo 
simulation. 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΒΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
calc_up(NEW,NEWITER):- 

asserta(calc(1)), 

output cummd(NEW,NEWITER), 

output tpfmqa, 

shell(frank). 
/* end of calc up */ 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 

9. Rule - calc orig 

This rule is called by calc more after a QA value has 

been returned to its original value for that cycle. It 
writes an entry in SUMMARY.DAT then calls calc less to 
generate a negative pulse at the next position. 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
calc orig(NEWITER,ITER,NEW,OLD,CHECK):- 

asserta(calc(0)), 

output cummd(NEW,NEWITER), 

output tpfmqa, 

calc less(ITER,CHECK,OLD,O). 
ແ end of calc orig */ 


ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
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10. Rule - no calc 
This rule is called by rule quit test when either of 

the exit criteria is met. The exit criteria will be met when 
the maximum number of cycles has been reached or when the 
percent change in cumulative man days for the last cycle is 
less than the exit condition entered in response to the third 
initialization question. It writes the best cumulative man 
days total to file SUMMARY.DAT then halts the system, 
retusning geo DOS: 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΒΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
no calc(NEW):- 

cad cummcelcd(9m5E Su 

open(S, summary.dat'/,a), 

wrate(se 10. CUMMD- J),wruite(S,.NBEW)mHIBOS).nl(s)s 

write(S, The best CUMMD is: ,). 

ifthenelse(BEST « NEW,write(S,BEST),write(S,NEW)), 

nl1(s), 

close(S), 

halt. 
/* end ormo calc = 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΒΗΗΗΗ 

11. Rule - output tpfmqa 
This rule is used to output the TPFMQA table to two 

DOS files, PROJECT.DNX and SUMMARY.DAT. First it reads the 
TPEFMQA table, then it creates file PROJECT.DNX. Then it 


writes the current TPFMQA values into this file. Next it 
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updates file SUMMARY.DAT with the cumulative man days total 
for the previous TPFMQA values in addition to າ current 
TPFMOA values. 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
output tpfmqa(NEW,ITER):- 

eal (tpfmaqa(l,@Al)), 

call (tpímga(2,0A2)), 

s Ctotmqa(390A3))5 

call(tpfmqa(4,QA4)), 

@ali(tpfimqatsS,OA5)). 

eall (tpfmqga(6,0A6)), 

eaii tpfmqa(7,QA7)), 

call(tpfmqa(8,QA8)), 

aali (tpímqa(9,0A9)), 

EL tpfmga(lO,QA10)), 

sem (tbfmqa(11,0A11)), 

create(D, project.dnx ), 


write(D,' T TPFMOA- ), 


write(D,QAl),write(D, ' '), 
ExNte(D4OA2),write(D,  '), 
write(D.QA3),write(D, ^), 
write(D,OA4),write(D, `), 
write(D,QA5),write(D, “), 
write(D,QA6),write(D,' “), 
write(D,QA7),write(D, ). 
write(D,QA8),write(D, ^), 
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write(DoOA9)5wr3tecbi 6 s 
write( Dy Q@AlO ews ce (he m 
write(D,QOAl1) {ni (Do 

close(D), 

open(S, summary.dat ,a), 
write(S,ITER),write(S, . `), 

write(S, CUMMD= ),write(S,NEW),m1(5), 
write(S, TPFMQA= ), 
write(S,QAl),write(S, 
write(S,QA2),write(S, 
write(S,QA3),write(S, 
write(S,QA4),write(S," 
write(S.QAS) write(8,; 
write(S,QAG),write(S, 
write(S,QA7),write(S, ΄ 


write(S,QA8),write(S, 


DE x mS 


"τες ON) wITUte(S a 

write(S:QOA10) write(S, Z ), 

write (5 0OA11) nl(5): 

close(S). 
= endior output tpimga m 4 
ΗἩΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 

12. Rule - output cummd 
Ihis rule writes the current cumulative man days 

total to file SUMMARY.DAT. 


ΗἩΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
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output _ cummd(NEW, ITER):- 

open(S, summary.dat ,a), 

tels, ITER)Uwrite(S, . `), 

write(S, CUMMD- ),write(S,NEW),n1(S), 

close(S). 
A Rend of output_cummd */ 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 

13. Rule - output break 

This rule places a statement in file SUMMARY.DAT 

denoting the beginning of each new cycle. 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
output break:- 

open(S, summary.dat ,a), 

mms ),write(s, 

RR KR KKK KEK Stare of a new cycle RRR KR RR RK RRR KR OY , 

ies) nl(s). 

close(S). 
x end of output break */ 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 

14. Rule - read cummd 
This rule reads the contents of file PROJECT.OUT 

(output file from the Dynamo model). The contents of this 
file will look like this: 
eummd(1543.56). 


This is in the format of a Prolog fact. Once read, the new 
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fact is added to the current database by the asserta 
predicate. 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
read cummd:- 
open(C; project -out Tr): 
read(C,CUMMD), 
asserta(CUMMD), 
close(C). 
/* end of read cummd */ 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
15. Rule - initial run 
This rule provides the starting point for the system. 
First, it adds the uniformly distributed TPFMOA table του. 
database. The value for the uniform distribution was entered 
in response to the fifth initialization question. Next it 
writes the TPFMOA values to the file PROJECT.DNX and calls 
the batch file (frank) to run the Dynamo simulation with 
those values. Finally it reads the cumulative man days total 
from file PROJECT.OUT and adds it, and the rest of the ae 
10 cumulative man days totals (initially set to zero), to the 
database. 
ΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗἩΨΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
initial run(QA1,0A2,0A3,0A4,0A5,0A6,0A7,0A8,0A9,QA10,0A11):- 
asserta(tpfmqa(1,QA1)), 
asserta(tpfmga(2,QA2)), 


asserta(tpfmga(3,QA3)), 
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asserta(tpfmqa(4,QA4)), 
asserta(tpfmqa(5,QA5)), 
Hscserta(tpfmga(6.QAb)). 
ແ... ເເ 52 ເເດ ολη}. 
asserta(tpfmqa(8,QA8)), 
asserta(tpfmqa(9,QA9)), 
asserta(tpfmqa(10,QA10)), 
asserta(tpfmqa(11,QA11)), 
output tpfmqa, 
shell(frank), 
read cummd, 
call(cummd(INITIAL)), 
asserta(cummdold(1,0)), 
asserta(cummdold(2,0)), 
asserta(cummdold(3,0)), 
asserta(cummdold(4,0)), 
asserta(cummdold(5,0)), 
asserta(cummdold(6,0)), 
asserta(cummdold(7,0)), 
asserta(cummdold(8,0)), 
asserta(cummdold(9,0)), 
asserta(cummdold(10O,INITIAL)), 
retract(cummd( INITIAD)). 
< 6 of initial run */ 


ἩΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΨΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗΗ 
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D. GETTING STARTED 

To initiate the expert system simulation model first make 
sure you are in the directory containing the files for the 
expert system simulation model. Then start the Arity Prolog 
Interpreter by typing (all required user input will appear in 
boldface type): 

C» API 

Once you get the Arity Prolog prompt (?-) type: 
?- consult(pgqa). 

Ihe system will respond with "yes" and leave another 
prompt. Type: 
?- pqa. 

Now the system will ask a series of five questions (shown 
below with sample responses). All of the answers that are 
input must end with a period (.). All answers must be 
positive and if they are less than 1, they must have a O 
before the decimal point. The first question will be: 

What is your desired pulse size factor? O.25. 

This input will determine the size of each spike 
generated by the expert system. Enter a number between O and 
TN 

The second question will be: 

What is the maximum number of cycles? 10. 

This will determine how many times the system will go 

through all of the TPFMQA values unless the exit condition is 


met. Enter a positive integer. 
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The third question will be: 
What is the exit condition? O.0001. 

This is the minimum percent change in cumulative man days 
between consecutive cycles in order for the system to 
continue. Enter O if you want all of the cycles to be 
executed. This is not recommended if more than 30 cycles has 
been requested. Numbers greater than 0.001 are not 
recommended as they will cause the program to terminate after 
only a few cycles. 

The fourth question will be: 

What is the minimum QA value? 0.025. 

This is the least amount of quality assurance that will 
be allowed at any of the TPFMQA points. 

Finally the user will be prompted to enter the initial QA 
distribution, one point at a time. as follows: 
weer the initial QA distribution. Point 1 0.15. 

Polnt oO 15: 
οποιο ο O17155 
Pornt'4 ο 1». 
δις οσο. 
Fonts po 15: 
Bodine 710215: 
σας ο ο. 15. 
Petit . 
Porites ο ο τς. 


2344 1 “0. 


This will establish the initial distribution of ΤΡΕΜΟΑ 
values (the last TPFMQA value is usually zero). 

After the five questions have been answered the model 
will begin to run. This will be very time intensive so be 
patient. The results of each iteration will be stored in the 


file SUMMARY.DAT in the current directory. 
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IV. EXPERIMENT: NASA S DE-A PROJECT 


A. THE DE-A SOFTWARE PROJECT 

To test the effectiveness of the expert system simulation 
model, the model results can be compared to the results of an 
actual software project. The real project that will be used 
was conducted at the Systems Development Section of NASA's 
Goddard Space Flight Center (GSFC) at Greenbelt, Maryland. 
The Key requirements for the project were to design, 
implement, and test a software system for processing 
telemetry data and providing attitude determination and 
control for the DE-A satellite. 

It was estimated that the size of the system would be 
16,000 delivered source instructions (DSI), that it would 
need 1,100 man-days to develop and test, and that it would be 
completed in 320 working days. Quality assurance (QA) 
resources were apportioned in proportion to the project's 
total development effort. In the case of the DE-A project, 
Moi the project s development resources were allotted to 


QA. The final statistics for the project were as follovws: 


project size 24 000 DSI 
development cost 2,200 man-days 
completion time 380 working days 


Figure 4-1 shows the actual QA expenditure as a percentage of 


oral effort for this project. [Ref. 6:p. 396] 
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Figure 4-1. Actual DE-A QA distribution 


B. THE MANUAL EXPERIMENT 

To determine the effectiveness of NASA's QA policy for 
the DE-A project an experiment to find the optimal level of 
OA effort was performed [Ref. 6:p. 407]. This experiment 
used the Dynamo model of software development with changes 
being manually made to the TPFMQA table. The initial QA 
effort was distributed uniformly at 15%. Then a search was 
made for the places in the project’s lifecycle where the 15% 
level was not cost effective. This was done by adjusting the 
QA level with a negative pulse one point at a time, as shown 


in Figure 4-2, then running the simulation to check the 
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Figure 4-2. Example Negative Impulse 


ແ 5 “2? ໄກວ pulse on the total cost in man days. If the 
negative pulse led to a decrease in the project s total cost, 
then the QA value remained at the lower level. If the 
negative pulse resulted in a higher total cost for the 
project then the QA value for that point was adjusted by a 
positive pulse. If the positive pulse led to a decrease in 
the project’s total cost, then the QA value remained at the 
higher level. This was done at each of the 10 TPFMQA values. 
Then the technique was repeated until the change between 
consecutive cycles was insignificant. The magnitude of every 


pulse was set at 50% of the TPFMQA value. This method 
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Figure 4-3. QA Distribution For Manual Experiment 


resulted in a total project cost of 1524.5 man-days with 
161.9 man-days spent on the QA effort as compared with an 
actual total project cost of 2093.0 man-days with 524.0 man- 
days of OA effort. Figure 4-3 shows the QA expenditure acme 
percentage of total effort for the manual experiment. [Ref. 


6:pp. 407-408] 


C. EXPERIMENT WITH THE EXPERT SYSTEM SIMULATION MODEL 
Four runs of the expert system simulation model were made 
for the DE-A project. The results are summarized in figures 


4-4 through 4-9. Figures 4-4 through 4-7 graphically display 


the level of QA expenditure, in percent, versus the percent 
of the development phase completed for all of the 
experimental runs. Figure 4-8 shows the initial five input 
values plus the total cost in man days that was achieved with 
each run. Additionally, the number of cycles column shows 
the maximum number that was originally input along with the 
actual number of cycles that were performed before the exit 
condition was met. The first run used the same pulse size 
and minimum quality assurance values as the manual experiment 
discussed in Section B. The results were quite different 
between the manual experiment and the expert system 
simulation model, with the manual experiment producing a 

ແ >“ conclusion. 

The second experimental run was made with the same 0.5 
pulse size factor, but the minimum QA was doubled from Run #1 
to 0.050. The results showed some sensitivity to increases 
in the minimum QA in the form of a decrease in the total 
cost. But this total cost was still greater than with the 
manual experiment. The last two experimental runs were made 
fake aA pulse size of 0.15, much smaller than that used in the 
manual experiment. Run #3 used 0.050 as the minimum QA as 
did Run #2. The total cost in man days improved 
Significantly with this change. This indicates that the 
expert system simulation model has a great deal of 
sensitivity to the pulse size. Run #4 kept the 0.15 pulse 


size factor but decreased the minimum QA to 0.030. This 
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Figure 4-4. QA Distribution For Experimental Run #1 
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Figure 4-5. QA Distribution For Experimental Run #2 
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Figure 4-6. QA Distribution For Experimental Run #3 
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Figure 4-7. QA Distribution For Experimental Run #4 


provided the best results of any of the four experimental 
runs. The complete SUMMARY.DAT file listing for the best run 
is enclosed as APPENDIX B to this thesis. Figure 4-9 shows 


the final TPFMOA values for each of the four experimental 


runs. 

Condition QA man-days 
Run #1 : 0.0000001 : 1,534.07 
Run #2 ; 070000001 : 1,531952 
Run #3 ! 0.000000] ! 1,522929 
Run #4 0.0000001 : 1,515 5. 





Figure 4-8. Imput Parameters For Experimental Runs. 


The results of the four experimental runs indicate some 
amount of sensitivity to the pulse size factor and the 
minimum OA values that are used. The exit condition will 
also have some effect on the outcome, although not 


demonstrated by any of the experiment runs since the value 
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Figure 4-9. Final TPFMQA Values. 
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used for all four experiment runs was the same (10 "). Even 
with this small value for the exit condition, the maximum 
number of cycles was never reached. Larger values for the 
exit condition will cause the system to terminate earlier, 
with a higher total cost. The model is quite insensitive to 
the maximum number of cycles unless zero has been entered as 
the exit condition or if a small number of cycles is desired. 
With an exit condition of zero, the model will continue to 
run until the maximum number of cycles has been reached. In 
the case of a small number of cycles,.the model may terminate 


before reaching an optimal solution. 


49 


V. CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH 


A. ACCOMPLISHMENTS 

The primary objective of this thesis was the development 
of an expert system to generate the optimal level and 
distribution of quality assurance for a software development 
project throughout its lifecycle. An Arity Prolog program 
was created that meets this objective when it is interfaced 
to the Dynamo Model of Software Project Management discussed 
in Chapter II. 

Ihe expert system simulation model accepts user input of 
several parameters (pulse size, maximum number of cycles, 
exit condition, minimum QA, and the initial QA distribute 
then proceeds to determine the optimal mix of quality 
assurance for those specific parameters. The system was 
found to be most sensitive to different values for the pulse 


size and the minimum QA parameters. 


B. SUGGESTIONS FOR FUTURE RESEARCH 
There are many areas available for future research. 
These areas fall under two categories, namely (1) refining 
the current expert system simulation model and (2) expanding 
the capabilities of the expert system simulation model. 
1. Refining the Current Expert System 
The current version of the expert system simulation 


model assumes that the user has a starting point for the 
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ΤΡΕΜΩΑ table. A rule could be added to the current program 
that would first calculate the optimal uniform distribution 
of QA for a given project. 

Adjustments to the QA distribution are presently 
based on a constant pulse size factor. This factor could be 
reduced as the improvements in cost after each cycle 
decrease. 

The final QA distribution generated by the current 
system may be organizationally unacceptable as it would 
require a great deal of adding to and.subtracting from the QA 
effort throughout the lifecycle. A possible refinement would 
be to ensure a "smoother" QA distribution curve to make the 
outcome more politically sound. 

2. Expanding the Capabilities of the Expert System 

This system only considers the effect of changing the 
OA effort on the total project cost. Changes in other 
variables, e.g. testing, will also have an effect on the cost 
of a project. The capability of considering the effect of 
Changing other variables on the total project cost could be 
added. 

Finally, adding the capability to keep an eye on the 
time while trying to optimize the cost, and vice versa, would 


be a helpful expansion of the current system’s capabilities. 


S 


APPENDIX A 


PROGRAM LISTING OF PQA.ARI 


[ RRRKKKKKKKKKKKKKKAKKKKKKKKAKKKKKKKAKKKKKAKKKKAKKKAKKKAKKKAKKKK KKK | 


/* 
/* 
/* 
/* 
/* 
/* 
ys 
/* 


PROGRAM - pqa.ari 


This program will accept a value for cost in man days to 


complete a software project and output values for the 


desired level of quality assurance in order to optimize the 


cost in man days. 


[5 kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk/ 


[ZA kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk]/ 


/* 
/* 
/* 
/* 


/* 
* 


RULE - pqa 


This rule initializes the system parameters and gets the 


system started. 


[5 š kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk)/ 


pqa:- 


asserta(number(1)), 
asserta(calc(0)), 


write('What is your desired pulse size factor? '), 


read(PU), 
asserta(size(PU)), 


write('What is the maximum number of cycles? '), 


read(MX), 
asserta(cycle(MX)), 
asserta(newcycle(1)), 


write('What is the exit condition? '), 
read(EX), 
asserta(stop(EX)), 


write('What is the minimum QA value? '), 
read(MN), 
asserta(min(MN)), 


write('Enter the initial QA distribution. 
read(QA1), 


write(' 
read(QA2), 
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Point Ly, 


Point 2 1), 


write(' Pointes" y, 
read(QA3), | 


write(' ΕἙσοιπι ο ο 
read(QA4), 

write(' Poing 5 2); 
read(QA5), 

write(!' σι 6O '), 
read(QA6), 

write(' Point 7- '), 
read(QA7), 

write(' Point ou 
read(QA8), 

write(' ΠΕ S T 
read(QA9), 

write(!' Point 10 ') 
read(QA10), 

write(' Point ΠΤ 
read(QA11), 


calc, Zero(PU,MX,EX,MN), 
initial run(QA1,QA2,0A3,0A4,Q0A5,QA6,0A7,QA8,0A9,0A10,0QA11), 
dopqa. 

/* end of pqa */ 


[RAKKKRKARKAKKRKRK KER KK RK KK KKK KK RK AK KK AK KKK KKK RA KKKAAKRKAKKKKKKKKK / 


/+ */ 
/* RULE - dopqa | */ 
ES #/ 
/* Creates a repeat-fail loop to execute rule main until the */ 
/* maximum number of cycles or the exit condition is met κ / 
/* */ 
JAKkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk/ 
dopqa:- 

Bepeat, 

main, 

fail. 


OS 


/* end of dopqa */ 

[RRKRKK AKA KK KAI K AIK AKAIKE KIARA A RR ARK IKK KIRK ARAKI IK ARK AIK IK 
/* 

/* RULE - main 

/* 

/* The main module. Does most of the testing to determine 

/* the next course of action. 

/* 

ເເ. ເເ... ............5.5..........7 
main:- 

/* get the x value for the pulse */ 


/* 


/ 


/* 


/* 


call(number(ITER)), 
call(calc(TYPE)), 


get the previous man days */ 
PREV is [[[ITER + 8] mod 10] + 1], 
call(cummdold(PREV,CHECK)), 
call(cummdold(ITER,OLD)), 
get the man days from the last QA numbers */ 
read cummd, 
call(cummd(NEW)), 
calculate the new y value (QA) for the current x value */ 
case([NEW =< CHECK -» calc. less(ITER,NEW,OLD,TYPE), 
NEW > CHECK -» calc more(ITER,NEW,OLD,CHECK,TYPE)]), 
retract(cummd(NEW)), 
statistics, 


write(' Iteration = '),write(ITER). 


end of main */ 


[ KRRKKKAKRKKKKK AKA K KAKA RAK KK RK KKK KR KKK RRR KK KKK AK KKK KK AAR KKAKRK KKK | 


/* 
/* 
/* 


/* Tests current man days value (NEW) with the final man days 


/* 


/* 


RULE - quit test 


value of the last cycle (OLD). 


7 


[EA kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk]/ 


quit_test(NEW):- 


/* 


get final man days of last cycle */ 
call(cummdold(1,0LD)), 
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yewtest if exit condition exits */ 


call(stop(EXIT)), 

ifthenelse(OLD =:= 0,TEST is 100,TEST is abs(OLD-NEW)/OLD), 
ifthen(TEST « EXIT,no. calc(NEW)), 

call(cycle(MAX)), 

call(newcycle(NOW)), 


NEXT is NOW + 1, 
ifthen(MAX « NOW,no calc(NEW)), 


write(' Cycle number = '),write(NOW), 


retract (newcycle(NOW) ), 
asserta(newcycle(NEXT) ). 


/* end of quit_test */ 


[ RRAKARERKKKKRKEKKKRKKKKRRREKKEKRE RK ERERKRERERKRKKKKRKRKERERKEREKEKKK | 


/* x 
/* RULE - calc_zero x / 
o a 


/* Creates summary data files for the man days value received */ 
/* from the dynamo module (sumcummd.dat) and for the TPFMQA * / 


/* values sent to the dynamo module (sumqa.dat). Then */ 
/* calc less is invoked to generate the first pulse. */ 
z * 


/ k'&'k k k k kk k kk k kk k k k k k k Tk kok kok kok k ek ek deed dee ee deje e doe fedele dee dede | 


calc zero(PU,MX,EX,MN):- 


create(S,'summary.dat'), 


write(S, | Pulse size factor = '),write(S,PU),nl(S), 
write(S,'Maximum number of cycles = '),write(S,MX),nl(S), 
Ute(s,! Exit condition = ')7wrrte(S,EX),nl(S), 
write(S,' Minimum QA value > '), 


wumwte(S,MN),nl(S),nl(S), 
close(S). 


/* end of calc zero */ 


J k k'ik k k k k k k kok sk sk sk sk k k kok k k k k k k kok k k kk kok kok k k k kak kak ek ke ke eek ke ee ke eee deje | 


/* " 
/* RULE - calc less * / 
^ x / 
/* Calculates a negative pulse at the current position equal  */ 
/* to one half of the QA value at position number 10. X / 
Ἂ 2 


/ k kk k k k k k k k k k k k k k Ok k kc dek koe kekekejee ek kde eek ek ek | 
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calc_less(ITER,NEW,OLD,TYPE):- 


/* 


/* 


/* 


7 


JS 


Je 


/* 


ifthen(ITER =:= 1,quit_test(NEW)), 


read the current QA values */ 
call(tpfmqa(ITER,QA)), 
call(tpfmqa(10,DIV)), 


call(size(PULSE)), 


calculate the new QA value (NEWQA) */ 
NEWOA is round([QA-[PULSE*DIV]],3), 


check if the new QA is less than the minimum (MINQA) */ 

call(min(MINQA)), 

retract (tpfmqa(ITER,QA)), 

ifthenelse(NEWQA « MINQA,asserta(tpfmqa(ITER,MINQA)), 
asserta(tpfmqa(ITER,NEWQA))), 


add man days for this cycle */ 
retract(cumndold(ITER,OLD)), 
asserta(cummdold(ITER,NEW)), 


move to the next position */ 
retract(number(ITER)), 


NEWITER is [ITER mod 10] + 1, 
asserta(number(NEWITER)), 


output cummd(NEW,ITER), 

ifthen(ITER Ξ:Ξ l,output break), 

output tpfmqa, 

shell(frank), 

save fact that last pulse was negative */ 
retract ΙΙΙ, 


asserta(calc(0)). 


end of calc_less */ 


/ΛΑΛΑΛΑΛΑΛΑΧΑΛΑΧΛΑΛΑΑΛΛΑΧΛΑΧΑΛΑΛΑΛΑΧΛΑΛΑΚΛΑΧΑΛΑΑΛΑΑΛΛΑΛΑΛΑΧΑΛΑΛΑΧΑΧΑΧΑΧΑ/ 


RULE - calc more 


Calculates a positive pulse if the previous negative pulse 


resulted in a higher man days value. If the man days 


resulting from the positive pulse also results in a higher 
man days value then the QA value will be returned to its 


original value for this cycle. 
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/ kk kk k k'ik k k k k k k k k k k k k kk k k k kk k k kk k k kk k k k kk k kakak kakak kaki kakak kkakkkk kakak / 


calc_more(ITER,NEW,OLD,CHECK,TYPE):- 


/* 


/* 


reset the position back 1 */ 
NEWITER is [[[ITER + 8] mod 10] + 1], 


call(tpfmqa(NEWITER,QA)), 
call(tpfmqa(10,DIV)), 


call(size(PULSE)), 


calculate the new QA value depending on whether the last */ 

pulse was negative (TYPE = 0) or positive (TYPE = 1) */ 

case([TYPE =:= 0 -> NEWQA is round(QA+[2 * PULSE * DIV],3), 
TYPE =:= 1 -> NEWQA is round(QA-[PULSE * DIV],3)]), 


/* check if the new QA is less than the minimum (MINQA) */ 
/* add the new QA value to the database */ 

call(min(MINQA)), 

retract(tpfmqa(NEWITER,QA)), 

ifthenelse(NEWQA « MINQA,asserta(tpfmqa(NEWITER,MINQA)), 

asserta(tpfmqa(NEWITER,NEWQA))), 

retract(calc(TYPE)), 
/* reset the type of calculation */ 

case( [TYPE =:= 0 -» calc up(NEW,NEWITER), 

TYPE =:= 1 -» calc orig(NEWITER, ITER,NEW,OLD, CHECK) ]). 

Send of calc more */ 
[Akkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk]/ 
/* */ 
T ERRULE - calc up ວ, 
/* */ 
/* Runs the dynamo model after an increase in the current 2 
/* QA position. a 
/* | */ 


ΓΑΑΧΑΧΑΧΧΧΑΧΑΧΧΧΧΑΧΑΑΧΧΧΧΧΧΑΧΧΧΧΑΧΑΧΧΧΑΑΧΧΑΧΧΧΑΧΑΑΧΧΧΑΧΧΑΧΧΧΑΑΧΧΧΑΧΑΧΧΧ / 


calc up(NEW,NEWITER):- 


p^ 


asserta(calc(1)), 


output cummd(NEW,NEWITER), 
output tpfmqa, 


shell(frank). 


endsotrscalc-up */ 


SN 


/ kk kk k kk k koko k k k k k k k k k k k k k ok k k kk k k kak kak kak kak k kakak kak k kakak kk k k k k kak kak kak k f 


Τ᾽ | ky 
/* RULE - calc_orig */ 
he < 
/* After the QA value at a point has been returned to its x 
/* original value, this rule continues with the next point. Χ) 
ΤΟ τ 


[A kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk]/ 


calc, orig(NEWITER,ITER,NEW,OLD, CHECK) :- 
asserta(calc(0)), 
output cummd(NEW,NEWITER), 
output tpfmqa, 
calc, less(ITER, CHECK,OLD,0). 


/* end of calc, orig */ 


/ 8 7k k k K k IK 9k k k k k K k Ik Tk 9k 9k ke k Tk k e ede k k k k 9k k k k k k k K k k k kok k kak kok k'ik doe oe kk ek kk k j 


Es g 
/* RULE - no_ calc x / 
We p 
/* Halts the program when an exit condition is met. Χ) 
[5 κ) 


/ k kikiki kk k kk k k k kok k k k k kk k Kok k k kk k k kk kk k k kk k kk Kk kk kk k K K K Kk kk k Kk / 
no calc(NEW):- 
call(cummdold(10,BEST)), 


open(S,'summary.dat',a), 
write(S,'10. CUMMDz'),write(S,NEW),nl(S),nl(S), 


write(S,'The best CUMMD is: '), 
ifthenelse(BEST « NEW,write(S,BEST),write(S,NEW)), 


nl(s), 
close(S), 


halt. 


/* end of no calc */ 


/ 7k kk k k k k k k k k k K K K K k K k k k k k k k K k k 2k 9k k k k K k k k 9k k k okejekeokekekkokekekc kk edekeke e d e k | 


/* | 27 
/* RULE - output_tpfmqa */ 
1 xj 
/* Creates one file and updates one file: */ 
4 a 


/* 1. project.dnx - created with the format required by the */ 
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/* dynamo simulation model. i 


p i 
/* 2. summary.dat - updated by adding the current tpfmqa κ / 
/* values to the end of the list of all previous values. */ 
2^ * 


[ RAKKKKKRKKKKKAKAKKAKK RK AK K ARK ARK RK AKKKAKKKKKKK KK KAKKKKKKKKKKKKKK KR | 


output tpfmqa:- 


call(tpfmqa(1,9A1)), 
call(tpfmqa(2,QA2)), 
call(tpfmga(3,QA3)), 
call(tpfmqa(4,QA4)), 
call(tpfmqa(5,QA5)), 
call(tpfmqa(6,0A€)), 
call(tpfmqa(7,QA7)), 
call(tpfmqa(8,QA8)), 
call(tpfmqa(9,QA9)), 
call(tpfmga(10,QA10)), 
call(tpfmqa(11,9A11)), 


create(D,'project.dnx'), 
write(D,'T TPFMQA-'), 
write(D,QA1),write(D,' 
write(D,QA2) , write(D,' 
write(D,QA3),write(D, `! 
write(D,QA4) ,write(D,' 
wrlte(D,QA5),write(D,' 
write(D,QA6),write(D,' 
write(D,QA7) ,write(D,' 
write(D,QA8) ,write(D,' 
write(D,QA9),write(D,' 
write(D,QA10),write(D,' 
write(D,QA11),n1(D), 
close(D), 


open(S,'summary.dat',a), 
wrlte(S,'TPFMQA-'), 
write(S,QAl),write(S, 
wrlte(S,QA2),write(S, 
write(S,QA3),write(S, 
write(S,QA4),write(S, 
write(S,QA5),write(S, 
write(S,QA6),write(S, 
write(S,QA7) ,write(S, 
write(S,QA8) ,write(S, 
write(S,QA9),write(S, 
write(S,QA10) ,write(S, 
τες ο n1l(S), 
close(S). 


` ~ - 


- 


- - - 


s - ຂະ <. -— = - = ແວ <. 
_ w < N Ἐν x< x x x Ἐν 
~ 


— x 
~ 


/* end of output tpfmqa */ 
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/ R*Rkk'k'k'k'k k k kk k k k k k k k k k k k k k k k k k k k kk k k k k k k ok k k Kok k k k k kok kok k k akka kak kok J 


/* 
/* RULE - output cummd 

/* 

/* Outputs cumulative man days total to file SUMMARY.DAT 
/* 


27 
oh 
21 
oh 


p 


/ R kk k k k k k k kk k k kk k k k k k k kok k kok k k k kakak k k k kak k k k k k kakak kakak kakkk k ode e I exe J 


output_cummd(NEW,ITER):- 
open(S,'summary.dat',a), 


write(S,ITER),write(S,'. !), 
write(S,'CUMMD-'),write(S,NEW),nl(S), 


close(S). 


/* end of output cummd */ 


[ KRKKKRRKKKKARKKKK KARR KK KKRRK KKK RRR KKK RRR KKK AAR KKR KR KKKARKKEKKRK KKK K 


Το 

/* RULE - output_break 

/* 

/* Outputs a line denoting the start of a new cycle to 


/* SUMMARY.DAT 
/* 
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/ R? kk k k k k k k k & k k k k k k k k k K k k kk kk k k k k k k k k k k k kk doof I I e xxx jl 


output break:- 
open(S,'summary.dat',a), 


nl(S),write(S, 


dekekkkdoekkkA*x*** Start of a new cycle **AKAAKARARARARALY) | 


n1l(S),n1(S), 
close(S). 


/* end of output break */ 


[ Fede k k k k k k k k k k k k k k k k k k k k k k k k kok kakak kak kkkakak k kk kakak d ke o eee x | 


/* RULE - read_cummd 


/* Reads from file cummd.dat the value of man days output by 
/* the dynamo simulation model. 


/ kk oe dock ke ek ck ek ke kde k k k k k kk kk k k kikiki kkkkkkkkk'kkkkk'kkkk'k'kk'k / 


read cummd:- 
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Boece, 'project.out!r), 


read(C,CUMMD), 
asserta(CUMMD), 


close(C). 


/* end of read cummd */ 


ΤΧΧΧΧΧΧΑΧΧΧΑΧΧΧΑΧΧΧΑΧΧΧΑΧΧΧΑΧΧΧΑΧΧΧΧΧΧΑΧΑΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΆΧΆΧΧ) 


n k/ 
/* RULE - initial run */ 
ju a) 
/* Runs the dynamo model with the initial TPFMQA values. x / 
JT Ἂ 


ΛΧΧΧΧΧΧΧΧΧΧΑΆΑΧΧΧΧΧΑΧΚΑΚΧΧΧΑΧΧΧΚΑΧΧΧΑΧΧΧΑΧΑΧΑΧΑΧΚΑΧΚΑΧΑΧΧΧΑΆΑΧΧΆΑΧΧΧΧΧ) 
initial run(QA1,QA2,QA3,QA4,QA5,0A6,0QA7,0A8,0A9, QA10, QA11) :- 


asserta(tpfmqa(1,9A1)), 
asserta(tpfmqa(2,QA2)), 
asserta(tpfmga(3,QA3)), 
asserta(tpfmqa(4,QA4)), 
asserta(tpfmqa(5,QA5)), 
asserta(tpfmqa(6,QA6)), 
asserta(tpfmqa(7,QA7)), 
asserta(tpfmqa(8,QA8)), 
asserta(tpfmqa(9,0A9)), 
asserta(tpfmqa(10,QA10)), 
asserta(tpfmqa(11,0A11)), 


output tpfmqa, 
shell(frank), 


read cummd, 
call(cummd(INITIAL)), 


asserta(cummdold(1,0)), 
asserta(cummdold(2,0)), 
asserta(cummdold(3,0)), 
asserta(cummdold(4,0)), 
asserta(cummdold(5,0)), 
asserta(cummdold(6,0)), 
asserta(cummdold(7,0)), 
asserta(cummdold(8,0)), 
asserta(cummdold(9,0)), 
asserta(cummdold(10,INITIAL)), 


retract(cummd(INITIAL)). 


/* end of initial_run */ 
/* end of program pqa.ari */ 
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APPENDIX B 


RESULTS OF EXPERIMENT RUN NUMBER FOUR 


Pulse size factor 
Maximum number of cycles 
Exit condition 

Minimum QA value 
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.111/0.111/0.095/0.145/0.098/0. 082/70: 0/2519 


S240 


1012740) 


SEU 
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11275. 
112/0: 
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1208 
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ດເ 
ος 
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a11 17/0. 
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11 0 


.111/0.095/0.145/0.098/0.082/0. 07578 


20 . 


1/0 


1/0 


1/0 
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.084/0 
WA 
10 
ο. 


.096/0 


09570 


107/0 
0967/0: 


096/0. 


209670. 


09540: 
095/0 
095/0. 
095/0. 
095/0- 


-095/0 


"095/0714570 
.095/0.145/0 


.095/0.145/0 


145/0 


.145/0 
.145/0. 
145/0. 
134/0. 


.157/0. 


157/0 


132/0; 
ΞΕ. 
145/0. 
145/0. 


145/0. 


-098/01 


.098/0 


098/0 


098/0. 


098/0 


098/0 


2097008 


11170955 
11100550; 
11140, Π55 0. 
098/0.095/0. 
098/0.082/0. 


.145/0.098/0.082/0. 


+ + + + ໄ + CIC k k kk k 


098/00, 0627 oF 
ος ο ο. ο 
-098/O70627 Oe 


.098/0.082/ 0. 


082/0. 
.082/0 
.082/0. 
082/0. 
-082 07 


108270: 


082/0 


,098/0.082/0 075m 


1/0.111/0.111/0.095/0.145/0.098/0. 082 D BIER 


1/0.111/0,.095/0.145/0.098/0.0827 0707276 


123/0.111/0.095/0.145/0.098/0.082/0707 57s 


075/0 


.075/0 


075/0 
075/0 
075/0 


075/0 


.075/0 


088/0 
088/0 
088/0 
088/0 
088/0 


07570 


075/0 
075/0 
075/0 


075/0 


HEEIIOAS0:235/0.206/0,112/0.112/0.1/0.096/0.157/0.11/0.082/0.075/0 


See τοι 


TPFMQA-0.235/0.206/0.112/0.112/0.1/0.096/0.157/0.099/0.082/0 


9. CUMMD-1530.5 


IEEIIA-0.235/0.206/0.112/0.112/0.1/0.096/0.157/0.099/0.071/0 


ιν CUMMD=1530.5 


WL FMO0A=0.235/0.206/0.112/0.112/0.1/0.096/0.157/0.099/0.071/0. 


IU CUMMD=1530.5 


% % % < % ໄ ໄ % ໄ % ໄ > ໃ 7 7 7 


TPFMQA=0.225/0.206/0 
1. CUMMD=1532.23 
TPFMQA=0.244/0.206/0 
2. CUMMD=1528.91 


TPFMQA=0.244/0.196/0. 


2. CUMMD=1532.43 


TPFMQA=0.244/0.215/0. 


EX CUMMD-1532.27 


TPFMQA-0.244/0.205/0. 


3. CUMMD-1528.91 


TPFMQA-0.244/0.205/0. 


ου, 


TPFMQA-0.244/0.205/0. 


ວອ UMMD-1533.0 


TPFMQA-0.244/0.205/0. 


4. CUMMD-1528.91 


TPFMQA=0.244/0.205/0. 


4. CUMMD=1531.05 


TPFMQA=0.244/0.205/0. 


4. CUMMD=1534.72 


TPFMQA=0.244/0.205/0. 


ວະເ ບໂກ105>1 5285 . 91 


TPFMQA=0.244/0.205/0. 


5. CUMMD-1530.28 


TPFMQA-0.244/0.205/0. 


SEL CUHMD-1529.2 


TPFMQA-0.244/0.205/0. 


6. CUMMD-1528.91 


TPFMQA=0.244/0.205/0. 


6. CUMMD=1529.96 


TPFMQA=0.244/0.205/0. 


6. CUMMD=1529.61 


TPFMQA-0.244/0.205/0. 


7. CUMMD=1528.91 


TPFMQA=0.244/0.205/0. 


7. CUMMD=1529.84 


TPFMQA=0.244/0.205/0. 


fe CUMMD=1529.75 


TPFMQA=0.244/0.205/0. 


8. CUMMD=1528.91 


TPFMQA=0.244/0.205/0. 


eZ / 0, 112) 0.170 


λος 


121/0 


111/0 


POIO 


111/0 


πρ ο 
προ. 
112/0. 


102/0. 


11170: 


າ11.0:. 
11170. 
1170: 
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ງລາ 
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1110; 
Jl O. 
απ ο 


1ο. 


112 O: 


10. α- 


11170 


111/0 


oo: 


11170 


111/0 


-111/0 


112/0. 
DH AE 
112/0: 
112/0. 


11270. 


112705 


121 0: 


111/0: 


11170: 
ΠΠ 


11170; 


111705 


19. 
17/0. 


1/0. 


1/0 


1/0 


170. 
ο 


ο. 


1/0 


πο. 


109/0.096/0.157/0.099/0.071/0.064/0 
099/0. 
.099/0. 
099/0. 
099/0 . 
099/0 
.099/0 . 
099/0 


ο ο ο 
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.096/0 


096/0 


1096/0: 


.096/0 


-096707 
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096/0. 


09670: 


09670: 
096/0. 


096/0. 


ΠΕ 


096/0. 
086/0. 
105/0: 
095/0 
1095/0: 
09570; 
-0957/07 


09570. 


.1 57/70. 


T5770: 


157/0 


.157/0. 


157/0; 


15770; 


157/07 
ΙΤ. 
152507 
1577/05 


15770. 


15770. 
15770; 
15770; 
. 15770. 
147/0. 
166/0.: 
156/0. 


156/0. 


ο ο 


03970. 
099/0. 
Door 
209970 


099797 


099/0 
099/0 
099/0 
099/0 


099/0 


ສ 
099/0. 
099/0. 
099/0: 
09970: 
09970: 
09970. 


089/0. 
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.071/0 
071/0 
071/0 
071/0 


-071/0 


.071/0 
.071/0 
-071/0 
.071/0 


3071/0 


071/0. 


07170. 
07170. 
071/0. 
071705 
071/0. 
0717/0. 
071/0. 


071/0. 


2075/0 
2075/10 


064/0 


.064/0 
.064/0 
.064/0 
.064/0 
.064/0 
064/0 
.064/0 
.064/0 
.064/0 
.064/0 


.064/0 


.09/0.096/0.157/0.099/0.071/0.064/0 


064/0 
064/0 
064/0 
064/0 
064/0 
064/0 
064/0 


064/0 


8. CUMMD=1529.51 


TPFMQA=0.244/0.205/0. 


8. CUMMD=-1529 79 


TPFMQA=0.244/0.205/0. 


9. CUMMD=1528:5S1 


TPFMQA=0.244/0.205/0. 


9. CUMMD=152° :5 


TPFMQA=0.244/0.205/0. 


9. CUMMD=1529.8 
TPFMQA-0.244/0 
10. CUMMD=1528.91 
TPFMQA-0.244/0 
10. CUMMD=1529.8 
TPFMQA=0. 244/0 
10. CUMMD=1529.8 
TPFMQA-0.244/0 
1. CUMMD-1528.91 


kkkkkkkkkkkkkkkk 


TPFMQA=0.235/0.205/0 
1. CUMMD=1531.38 


TPFMQA=0.253/0.205/0. 


2. CUMMD=1528.19 


TPFMQA=0.253/0.196/0. 


2. CUMMD=1531.38 
TPFMQA=0.253/0.214/0 
3. CUMMD=1525.01 


TPFMQA=0.253/0.214/0. 


ο, CUMMD=- 15207 72 


TPFMQA=0.253/0.214/0. 


3. CUMMD=1528.79 


TPFMQA=0.253/0.214/0. 


4. CUMMD-1525.01 


TPFMQA-0.253/0.214/0. 


4. CUMMD-1526.34 


TPFMQA-0.253/0.214/0. 


4. CUMMD=1530.15 


TPFMQA=0.253/0.214/0. 


5. CUMMD=1525. 01 


TPFMQA=0.253/0.214/0. 


5. CUMUD=S1525.52 


TPFMQA=0.253/0.214/0. 


5. CUMHD=1531.0 


TPFMQA=0.253/0.214/0. 


6. CUMMD=1525.01 


TPFMQA=0.253/0.214/0. 


6. CUMMD=1525.17 


TPFMQA=0.253/0.214/0. 


6. CUMMD=1531.35 


TPFMQA=0.253/0.214/0. 


7. CUMMD=1525.01 


-205 70; 
-2057/07 
. 2057 0: 


2205/0 


11173. 


DO 
1117/0 
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ງ 


LEIO 


(1170. 
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s VEIO 
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າປ 
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111/0; 


11170: 


09970: 
099/0. 


0997/0.: 


09970 


099/0. 


099/0 


099/0 


ο “ο. 
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πι ο πο /0 
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ΙΙ; ΠΠ 
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ο ο” 
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098/0. 
098/0. 


098/0. 
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098/0. 


098/0 


071/0.064/0 


071/0.064/0 


061/0.064/0 


08/0. 


07/0. 


07/0. 


07/0. 


07/0 


kkkkkkkkkkkkkkkk 


.111/0.09 ο ο ος 


095/0 


095/0 


-111/0709970 09570 


0957/0 


.156/0. 
.156/0. 
.156/0. 
.156/0. 


. 15670. 


098/0 
098/0 
098/0 
098/0 


098/0 


07/0 
07/0 
07/0. 
07/0 


0770. 


064/0 
064/0 
054/0 


07/0 


.06/0 


.06/0 


.06/0 


06/0 


.06/0 


06/0 


12/0.111/0.099/0.095/0.156/0.098/0.07/0.06/0 


111/0 


ΤΠ. 


111/0 


TIN O. 
Tos 
DIVIN 
11170. 
Eo 
11175; 


111/0. 


.111/0.099/0.095/0.156/0.098/0m0?/0"0 0 


102/0.099/0.095/0.156/0.098/0.07/0.06/0 


.12/0.099/0.095/0.156/0.098/0.07/0.06/0 


111/0.099/0.095/0.156/0.098/0.07/0 0670 


"11η. 
iy Oe 
Πιο. 
ΠΠ. 


Ly Oe 


11170 


09/0.095/0.156/0.098/0.07/0.06/0 


108/0 
0997/0 
099/0 


099/0 


-0997/0 
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095/0 
095/0 
086/0 
104/0 


095/0 


15640. 
156/07 
.156/05 
.156/0. 


. 155670. 


098/0 
098/0 
098/0 
098/0 


098/0 


07/0. 
07/0. 
07/0. 
07/0: 


07/0. 


06/0 
06/0 
06/0 
06/0 


06/0 


O 0.253/0.214/0.111/0.111/0.099/0.095/0.14770.098/0.07?/0.06/0 
IS CUMMD-1525.05 
EBDENOASO0.253/0.214/0.111/0.111/0.099/0.095/0.165/0.098/0.07/0.06/0 
7. CUMMD-1531.47 
TPFMQA-0.253/0.214/0.111/0.111/0.099/0.095/0.156/0.098/0.07/0.06/0 
8. CUMMD-1525.01 
BEDNMOR-O.253/0.214/0.111/0.111/0.099/0.095/0.156/0.089/0.07/0.06/0 
Cem eUMMD=1525 .02 
IEEMOA-0.253/0.214/0.111/0.111/0.099/0.095/0.156/0.107/0.07/0.06/0 
8. CUMMD-1531.51 
TPFMQA-0.253/0.214/0.111/0.111/0.099/0.095/0.156/0.098/0.07/0.06/0 
9. CUMMD=1525.01 
TPFMQA=0.253/0.214/0.111/0.111/0.099/0.095/0.156/0.098/0.061/0.06/0 
10. CUMMD-1525.01 

ຊາ 1050 .253/0 .214/0.111/0.111/0.099/0 .095/0 .156/0 .098/0 .061/0.051/0 
me CUMNMD=1525.01 


kkkkkkkkkkkkkkkk — Start of a new cycle /Joekekckekkkek 


TPFMQA-0.245/0.214/0.111/0.111/0.099/0.095/0.156/0.098/0.061/0.051/0 
1. CUMMD-1526.47 
TPFMQA-0.26/0.214/0.111/0.111/0.099/0.095/0.156/0.098/0.061/0.051/0 
2. CUMMD-1523.73 
TPFMQA-0.26/0.206/0.111/0.111/0.099/0.095/0.156/0.098/0.061/0.051/0 
2. CUMMD-1526.55 
TPFMQA-0.26/0.221/0.111/0.111/0.099/0.095/0.156/0.098/0.061/0.051/0 
2. CUMMD=1527.74 
TPFMQA-0.26/0.213/0.111/0.111/0.099/0.095/0.156/0.098/0.061/0.051/0 
3. CUMMD=1523.73 
TPFMQA-0.26/0.213/0.103/0.111/0.099/0.095/0.156/0.098/0.061/0.051/0 
3. CUMMD-1526.49 
TPFMQA-0.26/0.213/0.118/0.111/0.099/0.095/0.156/0.098/0.061/0.051/0 
3. CUMMD=1528.46 
TPFMQA-0.26/0.213/0.11/0.111/0.099/0.095/0.156/0.098/0.061/0.051/0 
4. CUMMD=1523.73 
TPFMQA-0.26/0.213/0.11/0.103/0.099/0.095/0.156/0.098/0.061/0.051/0 
4. CUMMD=1525.56 

TPFMQA=0. 26/0.213/0.11/0.118/0.099/0.095/0.156/0.098/0.061/0.051/0 
4. CUMMD=1529.83 
TPFMQA-0.26/0.213/0.11/0.11/0.099/0.095/0.156/0.098/0.061/0.051/0 
5. CUMMD=1523.73 
TPFMQA-0.26/0.213/0.11/0.11/0.091/0.095/0.156/0.098/0.061/0.051/0 
5. CUMMD=1524.98 
TPFMQA-0.26/0.213/0.11/0.11/0.106/0.095/0.156/0.098/0.061/0.051/0 
5. CUMMD=1530.63 
TPFMQA-0.26/0.213/0.11/0.11/0.098/0.095/0.156/0.098/0.061/0.051/0 
6. CUMMD=1523.73 
TPFMQA=0.26/0.213/0.11/0.11/0.098/0.087/0.156/0.098/0.061/0.051/0 
6. CUMMD=1524.73 
TPFMQA=0.26/0.213/0.11/0.11/0.098/0.102/0.156/0.098/0.061/0.051/0 
6. CUMMD=1524.47 
TPFMQA=0.26/0.213/0.11/0.11/0.098/0.094/0.156/0.098/0.061/0.051/0 
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7. CUMMD=1523. 
TPFMQA-0.26/0. 
7. CUMMD-1524. 
TPFMQA-0.26/0. 
7. CUMMD-1524. 
TPFMQA-0.26/0. 
8. CUMMD-1523. 
TPFMQA-0.26/0. 
8. CUMMD=1524. 
TPFMQA-0.26/0. 
8. CUMMD=1524. 
TPFMQA-0.26/0. 
9. CUMMD-1523. 
.213/0 


TPFMQA-0.26/0 


9. CUMMD-1524. 
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.094/0. 
.094/0 . 
.094/0 . 
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new cycle 
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es, OF 


155/0. 


E559 
155/0 
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155/0: 
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. 097 /0 . 
09770. 
097/0. 
.097/0. 
.097/0. 
.097/0 


DS E 


4106170995119 


.061/0.05179 


«0617005170 


,09/0.0617109051 19 


.061/0.051/0 
061/0.051/0 
053/0.051/0 
068/0.051/0 
06/0.051/0 
06/0.043/0 
.06/0.056/0 


06/0.048/0 
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TPFMQA-0.253/0.213/0.11/0.11/0.098/0.094/0.155/0.097/0.-0670 204 Bt 


1. CUMMDZI525- 


89 


TPFMQA-0.267/0.213/0.11/0.11/0.098/07094707155/0.097/0:06200025 19 


2. CUMMD=1523. 


S 


TPFMQA-0.267/0.206/0.11/0.11/0.098/0.094/0.155/0.097/0- 0570704870 


2. CUMMD-1525. 


79 


TPFMQA-0.267/0.22/0.11/0.11/0.098/0.094/0.155/0.097/0.06/0.048/0 


2. CUMMD-1527. 
TPFMQA-0.267/0.213/0. 
3. CUMMD-1523. 
TPFMQA-0.267/0.213/0. 


3 


31 


3. CUMMD-1525.42 


TPFMQA-0.267/0.213/0. 
3. CUMMD-1527. 
TPFMQA-0.267/0.213/0. 
4. CUMMD=1523. 
TPFMQA-0.267/0.213/0. 
4. CUMMD=1524. 
TPFMQA-0.267/0.213/0. 
4. CUMMD-1528. 
TPFMQA-0.267/0.213/0. 
5. CUMMD=1523. 
TPFMQA-0.267/0.213/0. 
5. CUMMD=1523. 


67 


ວ 


33 


74 


cal 


7 


11/0 


11/0.11/0.098/0.094/0.155/0.097/0.06/0.048/0 
103/0.11/0.098/0.094/0.155/0.097/0.06/0.048/0 
117/0.11/0.098/0.094/0.155/0.097/0.06/0.048/0 
11/0.11/0.098/0.094/0.155/0.097/0.06/0.048/0 
11/0.103/0.098/0.094/0.155/0.097/0.06/0.048/0 
11/0.117/0.098/0.094/0.155/0.097/0.06/0.048/0 


11/0.11/0.098/0.094/0.155/0.097/0.06/0.048/0 


.11/0.091/0.094/0.155/0.097/0.06/0.048/0 
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TPFMQA=0.267/0.213/0. 


5. CUMMD=1529.4 


TPFMQA=0.267/0.213/0. 


6. CUMMD=1523.31 


TPFMQA=0.267/0.213/0. 


6. CUMMD=1523.43 
TPFMQA=0.267/0.213/0 
6. CUMMD=1529.67 


TPFMQA=0.267/0.213/0. 


fee CUMMND=1523.31 


ΤΡΕΜΟΑΞΟ.267/0.213/0. 


TEC UMMD=1523.33 


TPFMQA=0.267/0.213/0. 


Pee OMMD=1529.77 


TPFMQA=0.267/0.213/0. 


8. CUMMD=1523.31 


TPFMQA-0.267/0.213/0. 


EEECUMMD-1523.31 


TPFMQA-0.267/0.213/0. 


tee CUMMD=1523.31 


TPFMQA=0.267/0.213/0. 


1. CUMMD=1523.31 


% ເ ໄ ເ ເ ໄ ໄ ເ ຫ ຫ 7 IG ΧΧΧ 


TEFMOA=0.261/0.213/0 
1. CUMMD=1524.43 


TPFMQA=0.273/0.213/0. 


PEENGUMMD-1522.17 


TPFMQA-0.273/0.207/0. 


ZEGGUMMD-1524.32 


TPFMQA-0.273/0.219/0. 


ΠΠΡΞΙ526.51 


TPFMQA=0.273/0.213/0. 


SRC UMMD=1522.17 


TPFHQA=0.273/0.213/0. 


ΠΠΟΞΙ5Ζ3.99 


TPFMQA-0.273/0.213/0. 


3. CUMMD=1526.84 


TPFMQA=0.273/0.213/0. 


4. CUMMD=1522.17 


TPFMQA=0.273/0.213/0. 


4. CUMMD=1523.05 


TPFMQA=0.273/0.213/0. 


4. CUMMD-1527.76 


TPFMQA-0.273/0.213/0. 


ee CUMMD=1522.17 


TPFMQA=0.273/0.213/0. 


5 P CUMMD=1522.51 


TPFMQA=0.273/0.213/0. 


5. CUMMD=1528.32 
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6. CUMMD=S1522:17 


TPFMQA-0.273/0.213/0. 


6. CUMMD=1522.28 


TPFMQA=0.273/0.213/0. 


6. CUMMD=1525-55 


TPFMQA-0.273/0.213/0. 


7:35 CUMMDZI5Z22 207 


TPFMQA-0.273/0.213/0. 


Ἱ CUMMD= 152222 


TPFMQA-0.273/0.213/0. 


7. CUMMD=1528.63 


TPFMQA=0.273/0.213/0. 


8. CUMMD=1522.17 


TPFMQA-0.273/0.213/0. 


8. CUMMD-1522.18 


TPFMQA-0.273/0.213/0. 


8. CUMMD=1528.65 


TPFMQA=0.273/0.213/0. 


9. CUMMD=#1522: 17 


TPFMQA=0.273/0.213/0. 


10. CUMHD=1522.17 


TPFMQA=0.273/0.213/0. 


1. πει 17 
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TPFMQA-0.268/0.213/0 
1. CUMMD=1523.12 
TPFMQA-0.279/0.213/0 
1. CUMMD=1527.52 


TPFMQA=0.274/0.213/0. 


2. CUMMD=1522.17 


TPFMQA=0.274/0.208/0. 


2. ΕΠΠΙΠΡΞΙ52 Τη 


TPFMQA-0.274/0.219/0. 


2. CUMMD=1526.32 


TPFMQA=0.274/0.214/0. 


3. CUMMD=1522: 17 


TPFMQA=0.274/0.214/0. 


3. CUMMD=1523.14 


TPFMQA=0.274/0.214/0. 


3. CUMMD=1526.3 


TPFMQA-0.274/0.214/0. 


4. CUMMD-1522.17 


TPFMQA=0.274/0.214/0. 


5. CUMMD-1522.06 


TPFMQA-0.274/0.214/0. 


5. CUMMD-1522.34 


TPFMQA-0.274/0.214/0. 


5. CUMMD-1528.21 


TPFMQA-0.274/0.214/0. 


6. CUMMD-1522.06 
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098/0.094/0.155/0.09/0.053/0.041/0 
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.098/0.094/0.155/0.09/0.047/0.035/0 
11/0.098/0.094/0.155/0.09/0.047/0.035/0 
11/0.098/0.094/0.155/0.09/0.047/0.035/0 
11/0.098/0.094/0.155/0.09/0.047/0.035/0 
105/0.098/0.094/0.155/0.09/0.047/0.035/0 
105/0.093/0.094/0.155/0.09/0.047/0.035/0 
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105/0.099/0.094/0.155/0.09/0.047/000 50 


το 


TPFMQA=0.274/0.214/0. 
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TPFMQA-0.274/0.214/0. 
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TPFMQA-0.274/0.214/0. 
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TPFMQA=0.274/0.214/0. 
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TPFMQA=0.274/0.214/0. 


HEECUMMD-1522.01 


TPFMQA-0.274/0.214/0. 
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2. CUMMD=1525.77 


TPFMOA=0.279/0.215/0. 


3. CUMMD=1521.06 


TPFMQA=0.279/0.215/0. 


3. CUMMD=1521.91 


TPFMQA=0.279/0.215/0. 


See uMMD=1525.68 


BEBMOA-O.279/0.215/0. 


4. CUMMD-1521.06 


TPFMQA-0.279/0.215/0. 


5. CUMMD-1520.99 


TPFMQA=0.279/0.215/0. 


2 UMMD-1521.21 


UEBEOAZO.279/0.215/O0. 


6. CUMMD=1520.71 


TPFHOA=0.279/0.215/0. 


6. CUMMD=1520.78 


BEREOA-0.279/0.215/0. 


6. CUMMD-1527.1 


TPFMQA=0.279/0.215/0. 


7. CUMMD-1520.71 
TPFMQA-0.279/0.215/0 
8. CUMMD=1520.71 


TPFMQA=0.279/0.215/0. 


9. CUMMD=1520.71 


TPFMQA-0.279/0.215/0. 
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095/0.15/0:085/0.042/0:03/0 
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095/0.15/0.085/0.042/0.03/0 


09570: 7550:08570.042/0:03/0 


095/0.15/0.085/0.042/0.03/0 


095/70: 152901085 /0:704270.03/0 


0957 0215/05065/02042/0.03/0 


095/0:15/40.085/0-042/0.03/0 
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1/0.1570-085/0.042/70.03/0 
096/0.15/0.085/0.042/0.03/0 
096/0.146/0.085/0.042/0.03/0 
096/0.146/0.081/0.042/0.03/0 
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1. CUMMD=1520.71 


Ad kAkAkkkkkkkkk — Start of a new cycle — A**X^4*X4*XA*XA*XA4*kk 


TPFMQA=0.275/0.215/0.112/0.101/0.104/0.096/0.146/0.081/0.038/0.03/0 
1. CUMMD=1521.47 
TPFMQA=0.284/0.215/0.112/0.101/0.104/0.096/0.146/0.081/0.038/0.03/0 
ο. CUMMD=g=151 77 
TPFMQA-20.284/0.211/0.112/0.101/0.104/0.096/0.146/0.081/0.038/0.03/0 
2. CUMMD-1521.19 
TPFMQA=0.284/0.22/0.112/0.101/0.104/0.096/0.146/0.081/0.038/0.03/0 
2. CUMMD-1524.47 
TPFMQA-0.284/0.216/0.112/0.101/0.104/0.096/0.146/0.081/0.038/0.03/0 
3. CUMMD-1519.77 
TPFMQA-0.284/0.216/0.108/0.101/0.104/0.096/0.146/0.081/0.038/0.03/0 
3. CUMMD=1520762 
TPFMQA=0.284/0.216/0.117/0.101/0.104/0.096/0.146/0.081/0.038/0.03/0 
3. CUMMD=1524.39 
TPFMQA=0.284/0.216/0.113/0.101/0.104/0.096/0,146/0.081/0.038/0.03/0 
4. CUMMD=1519.77 
TPFMQA=0.284/0.216/0.113/0.097/0.104/0.096/0.146/0.081/0.038/0.03/0 
>. CUMMD=151% 6 
TPFMQA=0.284/0.216/0.113/0.097/0.1/0.096/0.146/0.081/0.038/0.03/0 
5. CUMMD 1515 52 
TPFMQA-0.284/0.216/0.113/0.097/0.109/0.096/0.146/0.081/0.038/0.03/0 
5. CUMMDZI525.89 
TPFMQA-0.284/0.216/0.113/0.097/0.105/0.096/0.146/0.081/0.038/0.03/0 
6. ευ] ο 
TPFMQA-0.284/0.216/0.113/0.097/0.105/0.092/0.146/0.081/0.038/0.03/0 
6. CUMMD=1519. 71 
TPFMQA=0.284/0.216/0.113/0.097/0.105/0.101/0.146/0.0817/ 090387020279 
6. CUMMD=1526703 
1PFMQA-0.284/0.216/0.113/0.097/0..105/07097/0-1467/07087/0-038705 095/18 
7. CUMMDZISI9.69 
1PFHQA-0.284/0.216/0.113/0.097/0.105/0,0977/0.1427/0.:081/0:058/ 20:99] 011 
8. CUMMD-1519.63 
TPFMQA-0.284/0.216/0.113/0.097/0.105/0.097/0.142/0.077/0..038/0 089m 
8. CUMMD=1519.64 
TPFMQA=0.284/0.216/0.113/0.097/0.105/0.097/0.142/0.086/0.038/0.03/0 
8. CUMMD=1526.11 
TPFMQA=0.284/0.216/0.113/0.097/0.105/0.097/0.142/0.082/02036, 0, @570 
9. CUMMD=1519. 63 
TPFMQA=0.284/0.216/0.113/0.097/0.105/0.097/0.142/0.082/0.034/0.03/0 
10. CUMMD=S1519.63 
TPFMQA=0.284/0.216/0.113/0.097/0.105/0.097/0.142/0.082/0.034/0.03/0 
1. CUMMD=S 1519: 63 


kkkkkkkkkkkkkkkk Start of a new cycle  — A*AX*AAAXAAAA 
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TPFMQA=0.285/0.217/0. 


S CUMMD-1519.63 
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TPFMQA=0.285/0.217/0. 
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TPFMQA=0.281/0.217/0.114/0.093/0.106/0.098/0.138/0.078/0.03/0.03/0 


1. CUMMD=1520.06 
TPFMQA=0.29/0 
2. CUMMD=1518. 
TPFMQA-0.29/0 
2. CUMMD-1519. 
TPFMQA-0.29/0. 
2. CUMMD-1523. 
TPFMQA-0.29/0. 
3. CUMMD-1518. 
TPFMQA-0.29/0. 
3. CUMMD-1519.2 
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218/0.11/0.093/0.106/0.098/0.138/0.078/0.03/0.03/0 


TPFMQA=0.29/0. 


3. CUMMD=1522 
TPFMQA=0.29/0 


4. CUMMD=1518. 
2159. 


ΤΡΕΜΟΑΞΟ. 29/0 


S. CUMMD=1518. 
218518. 


TPFMQA-0.29/0 


5. CUMMD=1518. 
TPFMQA=0.29/0. 


5. CUMMD=1524 


TPFMQA=0.29/0. 
6. CUMMD=1518. 
TPFMQA=0.29/0. 
6. CUMMD=1518. 
TPFMQA=0.29/0. 
6. CUMMD=1524. 
TPFMQA=0.29/0. 
7. CUMMD-1518. 
2201870. 
8. CUMMD-1518. 
218/07 


TPFMQA=0.29/0 
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TPFMQA=0.29/0. 
1. CUMMD=1518. 
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TPFMQA=0.286/0.218/0.115/0. 
1. CUMMD=1518. 
TPFMQA-0.295/0.218/0. 
2. CUMMD=1517. 
TPFMQA=0.295/0.214/0. 
2. CUMMD=1518. 
TPFMQA=0.295/0.223/0. 
2. CUMMD=1521. 
TPFMQA-0.295/0.219/0. 
3. CUMMD=1517. 
TPFMQA=0. 295/0.219/0. 
3. CUMMD=1518. 
TPFMQA-0.295/0.219/0. 
3. CUMMD-1521. 
TPFMQA-0.295/0.219/0. 
4. CUMMD-1517. 
TPFMQA-0.295/0.219/0. 
5. CUMMD=1517. 
TPFMQA=0.295/0.219/0. 
5. CUMMD=1517. 
TPFMQA=0.295/0.219/0. 
5. CUMMD=1523. 
TPFMQA-0.295/0.219/0. 


97 


27 


69 


97 


LU 


1 


91 


2 


18 


41 


37 


119/0. 
1157/0; 
ιδ ο. 
11570. 


11570; 


11575 
11570 
115/0 
115/9 
115/0 


115/0 


115/07 


115,0. 


115/0. 
115/0. 
115/0. 
115/0. 


1111. 


093/0. 
093/0: 
08370: 
089/0. 
089/0. 
-089/0 
2089/0 
.089/0 
.089/0. 
-089/07 
-089/0 
089/0. 


089/0: 


116/0;08970; 
1G) C206 sy Ce 
116/0.085.. 
116/0.08570; 


116/0708570; 


089/0. 
089/0: 
089/0. 
089/0. 
089/0. 


089/0. 


106/0. 


106/0 


106/0 


102/0. 
11170; 
ΟΠΕ 
107/9. 
«107/0; 


107/0. 


1077/0 


10770. 


107/0 


107/0 


Start of a new cycle 


76 


107/0. 
1070. 
107707 
107/0. 
10740- 


ο 


098/0. 
.098/0. 
.098/0. 
098/0. 


098/ 0. 


098/0 


094/0. 
103/0. 
099/0. 


.0997/0. 


099/0 


2099/10 


«09970 


107/0.099/0. 
107/0.099/0. 
103/0.099/0. 
112/0.099/0. 


108702099707 


093970: 
099/0. 
09970: 
099/0. 
099/0. 


099/0. 


13870: 
138/0. 
138/0: 
138/0: 


138/0; 


Ποιο 


138/0. 
138/0. 
138/0. 


134/0. 


. 13470. 


.134/0. 


134/0 
134/0. 
134/0. 
134/0 
134/0 


134/0 


078/0. 


078/895 


078/0. 
078/0. 
078/0. 
078/0. 
078/0. 
078/0. 
078/0. 
078/0. 
074/0. 


074/0. 


.074/0. 


.074/0 
.074/0. 


.074/0. 


134/0.074/0 
134/0.074/0 
134/0.074/0 


134/0.074/0 


074/0. 


074/0 


0370; 


0370. 


03/0 


03/0: 
0370. 
03705 


03/0. 


03/0 


0370 


03/0 


03/0. 
0370: 


.134/0.074/0.03/0. 


kkkkkkkkkkkkkkkk 


03/0 


03/0 


403710 


03/0 
03/0 
03/0 


03/0 


.03/0 


03/0 


0370 


03/0 
03/0 


ο. 


03/00379 


03/0.03/0 


.03/0.03/0 


-03/07030 


O30. 03/0 
03/0.0370 
12/0.089/0.107/0.099/0.134/0.074/0.03/0.03/70 


134/0.074/0.03/0.03/0 


037080270 


ορ ο ο ο 


ວວຽ 0. 


«ο ο ο 


Oe) CUMMD=1517.18 
TPFMQA=0.295/0.219/0.116/0.085/0.108/0.095/0.134/0.074/0.03/0.03/0 
See UMMD=1517.2 
TPFMQA=0.295/0.219/0.116/0.085/0.108/0.104/0.134/0.074/0.03/0.03/0 
eee UNMD=1523.51 
TPFMQA-0.295/0.219/0.116/0.085/0.108/0.1/0.134/0.074/0.03/0.03/0 
fee eUMMD=1517.18 
BEENOA-0.295/0.219/0.116/0.085/0.108/0.1/0.13/0.074/0.03/0.03/0 

8. CUMMD-1517.12 
BEEHOA-O.295/0.219/0.116/0.085/0.108/0.1/0.13/0.07/0.03/0.03/0 

ee eUMMD=1517.13 
BESHODAS0.295/0.219/0.116/0.085/0.108/0.1/0.13/0.079/0.03/0.03/0 

See CUMMD=1517.12 
BEENIOA-0.295/0.219/0.116/0.085/0.108/0:1/0.13/0.079/0.03/0.03/0 
10. CUMMD-1517.12 
B5502-0.295/0.219/0.116/0.085/0.108/0.1/0.13/0.079/0.03/0.03/0 

1. CUMMD=1517.12 


TPFMQA=0.291/0.219/0.116/0.085/0.108/0.1/0.13/0.079/0.03/0.03/0 
1. CUMMD=1517.88 
TPFMQA=0.3/0.219/0.116/0.085/0.108/0.1/0.13/0.079/0.03/0.03/0 
1. CUMMD=1522.64 
TPFMQA=0.296/0.219/0.116/0.085/0.108/0.1/0.13/0.079/0.03/0.03/0 
2. CUMMD=1517.12 
TPFMQA-0.296/0.215/0.116/0.085/0.108/0.1/0.13/0.079/0.03/0.03/0 
2. CUMMD=1518.35 
TPFMQA-0.296/0.224/0.116/0.085/0.108/0.1/0.13/0.079/0.03/0.03/0 
2. CUMMD=1521.63 
TPFMQA-0.296/0.22/0.116/0.085/0.108/0.1/0.13/0.079/0.03/0.03/0 
3. CUMMD=1517.12 
TPFMQA-0.296/0.22/0.112/0.085/0.108/0.1/0.13/0.079/0.03/0.03/0 
3. CUMMD=1517.76 
TPFMQA-0.296/0.22/0.121/0.085/0.108/0.1/0.13/0.079/0.03/0.03/0 
3. CUMMD=1521.57 
TPFMQA-0.296/0.22/0.117/0.085/0.108/0.1/0.13/0.079/0.03/0.03/0 
4. CUMMD-1517.12 
TPFMQA-0.296/0.22/0.117/0.081/0.108/0.1/0.13/0.079/0.03/0.03/0 
5. CUMMD-1516.84 
TPFMQA-0.296/0.22/0.117/0.081/0.104/0.1/0.13/0.079/0.03/0.03/0 
5. CUMMD=1517.06 
TPFMQA-0.296/0.22/0.117/0.081/0.113/0.1/0.13/0.079/0.03/0.03/0 
5, CUMMD=1523.03 
TPFMQA-0.296/0.22/0.117/0.081/0.109/0.1/0.13/0.079/0.03/0.03/0 
6. CUMMD=1516.84 
TPFMQA-0.296/0.22/0.117/0.081/0.109/0.096/0.13/0.079/0.03/0.03/0 
6. CUMMD-1516.85 
TPFMQA-0.296/0.22/0.117/0.081/0.109/0.105/0.13/0.079/0.03/0.03/0 
6. CUMMD-1523.16 
TPFMQA-0.296/0.22/0.117/0.081/0.109/0.101/0.13/0.079/0.03/0.03/0 
7. CUMMD=1516.84 


P 


TPFMQA=0.296/0.22/0.117/0.081/0.10970.10170.126/70.-079/0 0° 0 


8. CUMMD=1516.78 


TPFMQAz0.296/0.22/0.117/0.,081/0. 10970710150. 126205075 2050518 


9. CUMMD-1516. 78 


TPFMQA=0.296/0.22/0.117/0.081/0.109/0.101/0.126/0.075/0.03/0 


10. CUMMD=1516.78 


TPFMQA=0.296/0.22/0.117/0'.081/0.109/ 02101) 02126702075, 02037 0 


1. CUMMD=1516.78 


KAKKKKKKKKKKAKKKK 


TPFMQA=0.292/0.22/0.117/0.081/0.109/0.101/0.126/0.07570.0370 


1. CUMMD=1517.54 


Start of a new cycle 


ἍχΧΧΧΧΧΧΧΧΧΧΧΧΧΧ 


TPFHMQA-0.301/0.22/0:117707081/0 7109/0 210170750267 07075910308 


2. CUMMD-1515.83 
TPFMQA=0.301/0.216/0. 
2. CUMMD=1517.24 
TPFMQA=0.301/0.225/0. 
2. CUMMD=1520.52 
TPFMQA=0.301/0.221/0. 
3. CUMMD=1515.83 
TPFMQA=0.301/0.221/0. 
3. CUMMD=1516.65 
TPFMQA=0.301/0.221/0. 
3. CUMMD=1520.47 
TPFMQA=0.301/0.221/0. 
4. CUMMD=1515.83 
TPFMQA=0.301/0.221/0. 
5. CUMMD=1515.73 
TPFMQA=0.301/0.221/0. 
5. CUMMD=1522.43 
TPFMQA=0.301/0.221/0. 
5. CUMMD=1521.92 
TPFMQA=0.301/0.221/0. 
6. CUMMD=1515.73 
TPFMQA=0.301/0.221/0. 
6. CUMMD=1522.22 
TPFMQA=0.301/0.221/0. 
6. CUMMD=1522.06 
TPFMQA=0.301/0.221/0. 
7. CUMMD=1515.73 
TPFMQA=0.301/0.221/0. 
7. CUMMD=1522.14 
TPFMQA=0.301/0.221/0. 
7. CUMMD=1522.11 
TPFMQA=0.301/0.221/0. 
8. CUMMD=1515.73 
TPFMQA=0.301/0.221/0. 
9. CUMMD=1515.66 
TPFMQA=0.301/0.221/0. 
10. CUMMD=1515.66 
TPFMQA=0.301/0.221/0. 


117/0. 
Jio O 
ο 
113/0. 
1227/07 
118/0 
118/0. 
118/0 
118/0 
118/0 
118/0 
118/0 
118/0 
118/0. 
118/0. 
118/0. 
118/0. 
118/0. 


118/0. 


081/0. 
081/0. 
.081/0 


081/0. 


081/0 


.081/0 


077/0 


.077/0. 
.077/70. 
077/0: 
πι ο 
.077/0. 
-077/0 
0707505 
ο ο. 
O77 7.0. 
077/0. 
077/0. 


077/0. 


10570 


109/0 


-109/0 
109/0. 
.109/0 
.109/0. 
.109/0 


105/07 


114/0 
11/0 
11/0 


11/0. 


. 1170; 


11/0. 
11ο. 
1170. 
11/0- 
11707 


1170. 


78 


που ος 
-1017/07 


101/0. 
τη ο. 
-1901/03 
+101 9: 


"097/0. 
106/0. 
102/0. 
102/0. 
102/0. 
10270. 
LOZ) OF 
102/0. 


102/0. 


1010. 


ου ο 


101 /0. 


126/0: 


126/ 0 


126/0. 


122/ 0 . 


131/0 


127/0. 
127/0. 
12770. 


127/0: 


126/0. 
126/07 
12670: 
126/0 
126/0. 
126/205 
126/0. 
126/0 


126/0. 


-075/07 


-075/05 


075/0 


075/0: 
0757/0. 
075/0 
-075/02 


075/0. 


071/0 
071/0 


071/0 


075/0. 
075/0: 


075/0. 


075/0. 


075/0 


075/0. 


075/0 


0:3 207 


0370: 
03/0. 
03/0. 


037/07 


03/0. 


03/0: 


03/0 


.03/0 
-03/0 


.03/0 


40370 


03/0 


03/0.03/0 


03/0 
03/0 
03/0 
03/0 
03/0 
03/0 


03/0 


.03/0.05/ 0 


ο ο. 


0370: 
03/03 
03/0. 
03/0. 


03/07 


203/0: 
-03/05 


03708 


.101/0.126/0.075/0:03 005 0 


03/0 
03/0 
03/0 
03/0 
03/0 
03/0 
03/0 
03/0 


03/0 


i) CUMMD=1515 .66 


AKAKKKKKKKKKKKAKK 


TPFMQA-0.297/0.221/0 
1. CUMMD-1516.42 


TPFMQA=0.306/0.221/0. 


Pec UMMD=1521.16 


TPFMQA=0.302/0.221/0. 


2. CUMMD=1515.66 


TPFMQA-0.302/0.217/0. 


2. CUMMD-1516.88 
TPFMQA-0.302/0.226/0 
2. CUMMD-1520.16 


TPFMQA-0.302/0.222/0. 


3. CUMMD=1515.66 


TPFMQA=0.302/0.222/0. 


KC IJMMD=1516.28 


TPFMQA=0.302/0.222/0. 


3. CUMMD-1520.12 


TPFMQA-0.302/0.222/0. 


4. CUMMD-1515.66 


TPFMQA-0.302/0.222/0. 


4. CUMMD-1521.84 


TPFMQA=0.302/0.222/0. 


4. CUMMD=1520.59 


TPFMQA=0.302/0.222/0. 


See UMMD=1515.66 


TPFMQA-0.302/0.222/0. 


ວະເ ງ ກໃ0<1 5 21 . 3 / 


TPFMQA=0.302/0.222/0. 


5. CUMMD-1520.87 


TPFMQA-0.302/0.222/0. 


6. CUMMD-1515.66 


TPFMQA-0.302/0.222/0. 


EEECUMMD-1521.17 


TPFMQA=0 .302/0.222/0. 


CC UMMD=1521.01 


TPFMQA=0.302/0.222/0. 


7. CUMMD=1515.66 


TPFMQA=0.302/0.222/0. 


7. CUMMD=1521.09 
TPFMQA=0.302/0.222/0 
7. CUMMD=1521.06 
TPFMQA=0.302/0.222/0 
8. CUMMD=1515.66 
TPFMQA=0.302/0.222/0 
8. CUMMD=1521.08 
TPFMQA=0.302/0.222/0 
8. CUMMD=1521.07 
TPFMQA=0.302/0.222/0 
9. CUMMD=1515.66 


.118/0 
118/0 
118/0 


118/0 


SIM Gu 


118/0 


119/0 


1151 


119/0 
119/0 
119/0 


IO 


311970: 


119/0 


1119/0: 
πλ ο. 


119/0; 


114/0. 
123/0. 
119/0. 
119/0. 
119/0. 


119/0. 


119/07 


Start of a new cycle 


KAAKKKAKKKKKAKKKKKKK 


ο ο ο. ο ου οι ο ον 0. 


ອເ ດ 


077/0 


077/0. 


ο 0 


.078/0 


2078/0 


.078/0 


1078/07 


-078/0 


.078/0. 


078/0 


.078/0 


077/0. 


07770; 
077/0. 
ວວ ດງ 
073/ 0 . 
0270, 


078/0 . 


073/0: 


078/0. 
078/0. 


078/0. 


ee Ow 


"0. 


11/0. 
πας 
11/0. 
DP 
11/0. 
o: 
Πο. 


11/0. 


102/0. 
102/0. 
ολο. 
10270: 
102/0; 
102/0. 
102/0. 
16270. 
10270 


10270: 


J O 1025. 


.106/0 
.115/0. 
11170: 
τι ο: 
πιο. 
າດ 
πο. 
ດ 
mage 
ດ ດ 
111/0. 


11175. 


73 


-102/0 


103/0 


127707 
127/0 
127/0 
1120710 
12770 
12770: 
120008 
] 2770 
127/0 
127/0 


T2770: 


102/0. 
102/0. 
098/0. 
10710: 
103/0. 
103/0. 
103/0. 
103/0. 
103/0. 


103/0. 


1270: 
το. 
127/0. 
127/0. 
1227702 
123/0. 
2099 
128/0. 
128/0. 


128,0. 


12870. 


071/0 
-0717/0 
.071/0. 
1071/0 
οτι ο 
07170: 
071/0 
-071/0 
-07 170. 
2071/0 


07170. 


07170: 
0710. 
071/0. 
QE. 
07170; 
07170; 
071/0: 
07176. 
067/0. 
07670, 


07270; 


.03/0 
03/0 
ο ο 
203/40 
03/0 
2050 
S03 40 
03/0 


.03/0 


.03/0 . 


03/0. 


12770-0717 0-037 (06€ 


03/0 


03/0: 


03/0 
03/0 


03/0 


03/0. 
03 0. 
0370: 


0370. 


03/0 


03/0 


03/0 


03/0 


. 0370 
.03/0 
.03/0 
20920 
803770 
.03/0 
.03/0 
-03/0 


.03/0 


03/0 
03/0 
.03/0 
03/0 
.03/0 
037 0 
.03/0 
03/0 
03/0 
03/0 
03/0 
05/0 


-03/0 


TPFMQA=0.302/0. 


22270. 


9. CUMMD=1521.07 


TPFMQA=0.302/0. 


222/08 


9. CUMMD=1521.07 


TPFMQA-0.302/0. 
10. CUMMD=1515. 
TPFMQA-0.302/0. 
.07 
222/0. 
.07 
2222 108 


10. CUMMD-1521 


TPFMQA-0.302/0. 


10. CUMMD-1521 
TPFMQA-0.302/0 


10. CUMMD-1515. 


The best CUMMD 


222/05 


66 
222/0 


66 


15 : 


11970 


119/0. 
19/708 
.119/0. 


119/0. 


11970 


1515.66 


.078/0 


078/0. 


078/0 


078/0. 
078/0. 


.078/0. 


„11170: 
111/0. 
211170: 
11170. 
1117/0. 


111/0. 


80 


103/ 0. 


10370; 


103/0 


103/0 


103/0. 


103/0 


128/0. 
128/0: 
.128/0 
4128/0; 
128/0. 


.128/0 


072/0 


072/0 


οἱ. 


072/0 


072/0 


.072/0 


.03/0.03/0 

-039/0 -03/0 
.035/0.0370 
2035/00818 
.035/0.039/0 


.035/0.03328 


LISI OF REFERENCES 


Shannon, R. E., Systems Simulation The Art And Science, 
Prentice-Hall, Inc., 1975. 


Abdel-Hamid, T. K., and Sivasankaran, T. R., 
"Incorporating expert system technology into simulation 
modeling: An expert-simulator for project management," AI 
and Simulation 1988, 1988. 


Shannon, R. E., Mayer, R., and Adelsberger, H. H., 
"Expert systems and simulation," Simulation, v.44, June 
1985. 


O'Keefe, R., "Simulation and Expert Systems - A Taxonomy 
and some Examples," Simulation, v.46, January 1986. 


Abdel-Hamid, T. K., and Madnick, S. E., "Modeling the 
Dynamics of Software Project Management", CISR WP No. 
163, MIT, Cambridge, MA, September 1987. 


Abdel-Hamid, T. K., "The Economics of Software Quality 
Assurance: A Simulation-Based Case Study", MIS Quarterly, 
v.12, September 1988. 


Marcus, C., Prolog Programming, Applications for Database 


Systems, Expert Systems and Natural Language Systems, 
Addison Wesley, Inc., 1986. 


81 


INITIAL 5 ໃ “ຈ: 


No. Copies 


Defense Technical Information Center 2 
Cameron Station 
Alexandria, VA 22304-6145 


Library, Code 0142 2 
Naval Postgraduate School 
Monterey, CA 93943-5002 


Dr. Tarek K. Abdel-Hamid, Code 54Ah 5 
Department of Administrative Sciences 

Naval Postgraduate School 

Monterey, CA 93943-5000 


Curricular Officer. Code 39 ປ 
Computer Technology Programs 

Naval Postgraduate School 

Monterey, CA 93943-5000 


Commandant (G-PTE-1) 2 
U. S. Coast Guard 

2100 2nd Avenue, S.W. 

Washington, DC 20593 


Dr. Magdi Kamel, Code 54Ka 1 
Department of Administrative Sciences 

Naval Postgraduate School 

Monterey, CA 93943-5000 


LT Frank H. Leidy 2 


POT BOX 3502 
Alexandria, VA 22302 


82 











Thesis 
L47757 
e 





Leidy 

Design and development 
of an expert system 
based quality assurance 
module for the Dynamo 


Model of software pro- 
ject management. 












cip ο... ໃຂ ka. να. δω ο ETT TOET ασ ໆ 
φορ ἑ μμ μός ολ a u i La TOL LIT P ΣΠ "eu any +“ VM ງພ, 
(າກໍາ ມ4ໃ27222714?7. “4 ສກຈ” ΜΗ H 
Dae eel clr OPE EC RP rE PT 
ຈນ. ກກກາ PP າ 


ຈ... ded od EAE, Ars 


[E "XT * dif າ 

P i Shaw Bia 7% 

AL TTI TET TEET E TTE > A LE 

+,“ ..#.ອາາ ΠΟ ΤΟΡΟΝΤΟ 1» ະຫວ? 

U ο SAN ເບກ 
r 









































I Design and development of an expert syst [an τα 


YEN ENSE 
| | | ||| |! | | |] |! (| 









ກ ry oe ΕΙ ΜΗ 1845.0 ໆກະ k 7 
μυ οφ μη ΓΣΑ Kayqa a h ACO bi 
L LZ EE Ομ R ! BA t LEETE 

























































































































































































































































































































































































































































































































































ແຈກ ງ [TET PD 
Veo irap m “ AAA d o «db LRL ME LUE ο - 
το ME 1 າ. " 
οφ γιων ων ud e SY: AERIS WESS Carns f^ EM ( : ' , P 
ο... M sat ο ແຕກ ສາ E - “າ FLA. JE η, 
a. ο a a ο ΠΩ 110 າກ... ທ DIVI Poeti diio ow REIS. H 
mme Wo PO PD rr ae eee eet APR Μα ορ μμ A, - , 
PERPAR αν γέ“ Ce tT ti ee ον σσ ΩΡ ໃ າກໃ r s N 
ΑΣΕ ΤΟΝ ກະສ ts eee T ΠΤΙ ae ΠΩ P a fg 
pete taal re ΓΡ] KIWA roh f f... ΠΤ n 
ΣΤ As A νου μμ μα . 
a T TLA ຊ NET ກສກສ: ΠΠ ສະກາ L Y KNOX LIBRARY κ 
> H ND LES LI LII) ftes e ΕΦ Γε-Ἱ 
TIN , s : 
τι ກ πουν ΡΠ ກ. id ^ wt EN CEPR š - à -- 
ΠΤΙ; Lr isque 4572. ທ" ຈງສ ຜູ້ Mo LO ກບກ] -Wi " a . | 
ka. L. B evt ΠΤ ποσο ο σσ ση TC ok LIT ເເ " TET a ^ t Oeo EI E ' ' 
LIII EPI າ ເກກ ຮະ ee ee +) Ἱ πάρω ?.:ອຸ! 7 ເ" ພາທ... ΓΤ "n t: w d 
LULU. LT LLL PTT Or rs E ທ.” ຍເບ” > ax s.l foam νά: T + : x. TEC 1 
ΤΝ ΟΙ " A T ως RET st D boul A ເຈ; LP ΥΠ ‘ A e ເ” 
ຈາໄ Μπα ον A l ກເ ມາງ ສ " + =a G "2" d š i s - ມ ç 
- ki Ti Ae É πιουν EAE LEID ຍ ສ ສອ ^ x, i jc * " " i A 
ທ໋. ຈ... CTA sn ກາາ ສາໄກ ສ ) ສ III ເ ສສກ. re ΠΠ "yi: d 1 "E WS 7 5 
t ຫກ ເເກ ສກາ ກາາ ໃສາ... LI m “.” !# ο σα ο າ ' E E . 1 . 
Πω ο. ο ο IPM oe tif | mete! @ of TT ; P i Yu. š 
ed eas piat ο δαν MR SEE La PT M b 109) dit. ມ - -A οἱ - ^ JT EDI - bee η 
CIPE ກກ ຈາ dumm ανν οσο PTT " ງ 
ΤΥ banwa itd ο RS ee ee al ηφ. s ; y d 
LA DRILL . Mif atas s ET TRTI - zh š š ` : E ee 
MM LLLP PY νους pea Ore x F ° 
riesci tien pt dele ΕΙΧΑ E " ES | 
= meee " A EI ΤΙ i a າ 
ໃ ກກກ > 7 >) p ep ety "m pa Res dt Lp ded Hr eds DTE Pes " ume CIT IST ur » i ^ 
[Lad LLL a Mates Ay LE E PC M g " P P ' on & E n 
ee Perri ri ປ ະກ ກາກາກາ ຈ ງາຍ? າກ δα ο "ທ i ‘ a Hd DU . 
bs eas a LL d Πο ο συ hI ο ΜΗΝ te P r n “ 
IL T AKII RI T ເ ເກາະກ. ΟΠΗΣ ‘ ει T > x Li L .. ‘ » 
Da 1 L av |... >: σε, m η ΣΤΟ ; ee E NT? PTT M . ‘ Π ΠΡΩΙ. ΠΠ PET 
ΟΡΟ: ὄν oe PERE abe edd lee oe i - «5:4. E xt ] L 
bend iii id SMALL m FUP v Fi Es de e ກ ສ Chan 4. 1 "PES .. ΠΝ ^ ‘ 
ο ο μμ ο ων CUOI | och Pond a a a x UA πρ σοι. d ມ A d 
EIL μμ eae ee LE, eet ee S np te ee ee er n "E TN Me s d 1 ΡΠ ΤΙ ΓΙΤΡΡΡ ΡΝ TET] , id L ວໆ d 
ΠΗ ee Pp yp apara See ery κ eat Wk ee aI (αἱ τ £ າ i 5 ος 
ΓΤ ΣΤ ΧΡ ΤΕ χρέα aes AARRE O c AR E EET 
pe 2 an αμ ຈ່າ: ρα ya ass os , . 
neh awe απ ο ην 1 Ἡ w. P dus un 27] ‘ 
ο ο. ο A eras i a ΣΣ P t EL G 
ο κ TTET TT TTE > | ερήμην, ^ > Gisle A s . L ΠΝ - 
"Ld ຮກສ າກກະ າ ον. ο Υ n 5 ME par . ο ο η. N 
[MUZE າາ ກບກ - ΠΠ D η ΠΤΙ .' 
ຈາກກະ ເກກ ເກ ກ — basa RE. h Pq) “f a » L LU . ras E 
PME EMT πυκνό Pre T verre + Eu : " 
AED ] LP Pp T ແຖກ ງ ງາ OIYTE A WURMECWESU E ed | mik r P .. ' "um n 
e? Fora Pme qe ovp amet MUR Me Mates ian a es y as tel 4 1 DP" TL " 
L ກສກ" ກກກາ ກງ PIT" າ Y ILE Ll ' "KRE | tara L » = 
ως Μο πώ Ισ Se a een ay H ແ”. " ῃ sq! η Πο G 
ο ο ο ο E E E AT ກຈາ agras i - . ` S 
ot om et o LLL] Lor ກຫ ຈ. m 5 + ນ, ΠΗ “ .! , . ΠῚ E a 
τ EET TC ΓΤ; H LI f ng! .. 
LI ^ B ອ . 
a ΜΗΝ 1 ΠΕ LET P "oriri xd 
T d Adi o. ΤΟ tp N. CP aR E š 4 " ἢ r 
"μι. r * Lv i N . ῄ ^ " ຕ 
ງເ orsi mM 8 4 ea, CC S E UP sa " " 3 P " P 
ο O ETETETT ຕງ E T T SM s αι μη vy. rr 2 HY ' 1 
πο ΤΠ Μου : r αν ue sb κ TET P s ΄ ΄ ΠῚ P : ^ 
πα... pr ເນໄນ. d @ >s s Ü sanan .. ta PE N ງ M > - i Li LT “toa, g 1 » 
al belie deve reader Se n yC iar ot ee Cat. ປະເ ກກກ si i. “ງດ. ຈ. T DP Le RC Σ. " οκ ກ te r "no ç ເ. E 
piece ບາບ H / Βρε iegitur ppt eem cs A ΕΙ | g'i ss PA SLET E) ” " FE m ມ E E A 2: Π πρ , t.. ' E ‘ 2 ° 
kr ar ata olre E de, TRIER po "pri mui PU me ο. NS E Yl ees n š š Ë κ 
> LE «δ΄ φῦ.» #++ + OVATE ἢ - D x 
μαμα i ATE EIT PITE RT EE AREA A h ze L HW d FED d A Li L ' ‘ າ 
< ຟສ ສ: >... "> າ” , edt A MDC NC š +. 2 r US M s A 
M —À pr N ή A ເ" g > Š 
ολ p P aide ຈ “ໃາແ § NEUE TS ai d Tm 
Ὁ λα μα ° HA M "UI. nn n J z 5 E ແ໌ . L ນ “ . 6 Π » 
` >. m P > . າກ ta ñ 
.. O š. 25 B ? " à . . 
© " "ເກກ fy ທ w i N š Ka D Li š " d . =: 
ເ... ae ΣΗΙΡ 1... en g ແແ, š . i k ; 
per EDS πα ουσ υμών ຈອ ດ້ກ ΠΡ 5 : 
E λος ^ d P i = 
- ΕΝ 2214<- 7 LIC SOT TTE PE PIN ທກ ແ, “ 4 ‘ M: j T Y 1 ç 
State at of dice ວະ”. ΡΤ - E d 5 > M 1 = .. Ἢ 
Pee prt P320 bab n Mitre 3 re ded E à "Mp ເມ 4 ວແ > " 
P NM xe | TE : a e a 
LI L] . LI 
1 F 2 uu ir | end M =A n 4 " A d n = N d - 
s 1. mM P > E 
$p i * T eir ML. g . .. £ 3 
ເ ງ " ον E ° " 
M ' T i cian a A " 
LP I εν [ M Ld 1 " s . : E 
E » Sin d SET -— m Poe ^ "og 1 s 
" , ‘ Li ασ Μι Μη, M * 
L " 4 ND um £ a š - a d . 
ΠΠ; bs Li ` » ». + š 
B n ' a + t ο 9 ΄ y x “ + ' 
ZEN Pate "RENTE ae H ς - 
g sr. ae τ LN . g e G d i 
m + "s , - hd ` + 2 1 . κ M 
E SLM E 1A P H " w 
Tete 5 . " a - d eL 
tl je "X P Pu P πα . ຮ A 
1 Saa ' "ED . d i LS] 
SE " n y G 2 
G G pn 
` . » η ເ L g . ກີ r y . 
23 3 1 Π . h - ; À ae i » ñ A 
f zT 3 ລ 4 5 n n - " ͵ 
κ ΕΝ L x 5 τ Ñ ῃ l . o η 4 k 4 
͵ "1 ’ " I ELE] X 
? ” , : + " : 
J 4 in " "n Ç f y 3 š 
i Qu : " XT P 
“σοι ° 2 t i Ú g A D 
3 d te Ú P J 7 " ( :” ^ š 
A LI 4 [] .. L] 
2 ທ, 5 1 
M , " 
: S iP $c , 
ຫ າ . M F í d A Š L k 
] 1 $ ກ TUS e š : 
$ y f ' : . P " s 
T i u a D ‘ 
F ; - ' Πε. E 
ເ " 
PRU ໃຊ້, τα Mos d d à . A ας. 
ο ποτ ο... 1, 9: P T n 1 .. 
ταις າ TL " u^ x, ^ 7 PETI » : 
r Γ 
: "T cR n SUUS OI ' ; i : 
p νη T? ' 5 າ ດີ " P 
` pı ' à . E 
P < - . . iz 
d $ g ' - 
າໃ 7. ‘ ai t ຈງ 
Dn d Sp Ss CIN 7 E ເ D 3 η 
ο γα κκ λα... L ເກາະກ ຈະກາ ບ ຈມ າຍີ N P ` MEL. ^ 
M PLUME Poetae he de ee φον |: d - A 
Home ον οφ νο rini e ! - Ú 4 g : f ua B. H 
par M ຫານຊ 3 Γραφή ສ ἈΝ. M^ rd Ú ῃ 
τν... a m ee - NT ΝΤ g κ κ ‘ k 
ες athe wy λα ο πλοία G e y ຫ, ໄ, » 
PEE Late el , πάν να mH F n າ d EN ΠῚ ` 
Ἢ ΛΔ a D + p " a ກສາ 4 ຈາກພ ໄ " , ME T. À a » . A 
ο + E oaen h E pa ey PN eme top pr Bits aar " 
ο... ο. alaa a ia a de ΝΗ ANAL » a » 
Napo tea habe, Ut Lista Uer B bris f ees i kas cat στα Lr sanae ΣΚΙ d G Lh. 
πώ κ οφ hi EP DA ຊ bah ης " D > ñ 4 
LL e E e D P WOCHE $ ἢ τ 2 E . 
bene diae do ES MI Pon eese ehe Š, ` r = 3 
p 2... ງກ ຈ > s a 
° - : ο στ - ου συ νῶν > າ " " 7, r. [] 
> T^ ^w temi Ie Pinus Ir m Pe m AL reos re ບາບກ. ກນ Ee Cae: Paes fat sah າ MIT s Yu: Ὡς. ΠΕ - c D 
re las dej hr 47 d^ dp ial in m T y vm m M6, Ls me bos e, Ta arma ie oet i gp eque Le: "uw A. ο ον ຫ 7; PT າ E 
ວ <. ມວ ຫນມ m iii ໄນ າງກາ” ESI MEX vtm £z rdg. UARAN dd ο ο.) P N ` 21 : y q š 
digest. dori ndo p m i Aim ος ed ນ ດ OA ene Oe ab he Y ຈເກ ο τς . 
E ງ ະາ aod te tenth Mahal utd at thal be cm Rada λος. a ae de š ` i Ti Ld tes ps M ate ie T » ` າາ + . . 
ເທາ. <442124 telo audae dr ποτ τη ο το. Tof, 609 PIS 48g ເ; [ E A 
“py iha taper de tactics ον ed e i eee he ear ee A s "WT າ; ນ E . . " i 
ibus Ya L atai aarin Ανν μπουν E nar Pun did, ໄ Ἡ duty A k: š I | 
he d et cen da y e ipe E E E eoi Pm M n e rive I NR a s Se , " ບຕໍາ T y Ë I 
iique Qoya (osa optesa ha y Ta Dari e MIU. dio OR ໃດ IT ສນ ered εφ aia T < LBS : 
etos ຍຫມ າາ Se ο ο ων ολη ών ο i p ή. um a i ' 
risu ນ ow apa A RU D LR DA “ເເມ tps pis may th} rb. i i Liicis Droe vx The a tae "4 ἂν. ກ k 
s LES IT 2. οπών E A Cenni rin “ຮ t +. waged fy ເອ Y teats ee Tus : d A H 4 
αν siaina δω ca da Mei de e aad νο ην λος NAM Sa rhone ὑπό ppt ts x ai. i E 
| Alin ນຢ່ aeaiiai ndr iir o odd ກວ ກກາ? ຈາກາ ພງ. ງກາ < reper n p ae າ .. 5 P ` Ç - p g [] E 
ots edi d eel etna i μα νωώσ L a ic né ສະບູ ໄ ມີກ er * © d. rael A IEEE IOTER E TA x^ M IO i a 
piapa aA o re aR ara Arni npa EN aaa າ ກຊກມ ນ່່່ ຊຍ າຈຍ ສກລ ເຈນ ໃເ ພາດ uy qia CET «i ^ * Ὁ ἡ: ος, ον ; > 
ων ο l ο ο νό όν νάιλον ie I PU M AEN rie id Rib μερὶ fay ὃς. 5. ຄໍມ de Neds tard pter "E E. Ç ͵ 
"atuk hacia “ລຸ kada ta wa jiyarqpaischaquy kay kihanyaqkqapq Co bad qp ya ως ο ον φορ ນ νυν E ng farle piktek x, iade LES ງ - y .“ k - 
to anda να -«ό μνλλὰἡ Κεν. ray aiii ctii I Mni ie a EU ο ο ο d ee etna v o'g TEE" BO OE Uf oc s ‘ 
Y ο S άλλα Anqa lC L L LL Ai D nd de ed το ຊມ p A າ * is š » D: eal +! 
Andania ar dieho ampri aaia ES an a a e ha hie eee aa າ ມກາ ຊີ pane ey ere s "He x 
ο Cesena rains tole DRE A wit pa L pP L A ο ias ee ຈ d z ANN š κ ຈຫ E I RO. , p 
I Edra iaia aae E ed ον ανά μη γι ο μάς -- yt tay e χα s κ 5 κ a t "E n 
ee ບ arar antaiia iaraa a aa ໄມ າດ ໄາ, Hd. tea kai ເມ $us Te A À Es າ T TIL ງື ຈ 5 ; 3 
T3 ຊ່ອ decia ddr d bua kada dep ikin k tintin trices ກາາ MILL un i-i ptos fie i ~ yg * mg $53 Chl ω MELDE AU L x L 
ihia da sadio nalisir arido ide eee vp ed D ຈງສ) ສາກ າ່ Αλ. <" ΚΒ A UN etil ¥ + າ m Ἴ ^ 
k aaa ກບການ Nm Papa C d ap i tet el ee w δν ແ ໄສ່ ΕΣ Li 1 i . Ss e i T š: at š 
νι ανν λος κ ηλ η Ας ο να E D ME ως Ὁ Rd Md niad a . οσο PP າ 2 t» s 
b yw Gan" wiy yr wag ດນ... "> ເ າ ວໂມງ trf riii Pire iege opel E rex Saheb Deas / a do: ຈ ΤΣ ο ανω 4 á DL LIUM ‘ P ῃ 
(tp focbie dien iatis ir iRr d mdr Qtr κανε ia Me ELI NL: iata ien iiid Pi ila λα αι ον e າສ i a o H T ë , 
bindiga aoaaa າດ. κόμικ να νο a າ ານັກ ມລ ຈ າດບ ມ a : y "d 
ariy) andani οφ d TELE Pope n M bt E Mer ee ee p % າ d g n 
ມມນ ງກາ ລກ. າເຈ ເ. DEEST Tr edant ο ντος ni. Ú “ອຸ. ດ າມາ 8; . P A 
ຈາ aii ib ο ως ο μα απ peur vr ble ers erect by pom = LE η 1 LN m" ή E 
finde d bi dedo ο "tuned: rodrigo +”ກກກ/ "ຈິ... UU. L L ik tee ἃ. PY P ດ 3 . 0 12 f = 
δι tr Serhan hhi didici ini Posee Ri a dite Waa LL ee η iy peri ts Pulso dale Ca ο T ຂາ F t £m LL ເ <. ງດ . ἐ s 
rion nip nt dh Path dpi iei aa e UT RO ee ES oH. qe adl epa Dri qA Aetio MP T" ., «6 t = 
UR Aaii a a e peaa າ ds ສສກ ຫາການ H ມ ສຈາ ວ ຈ ຮໍາ? S Th. i ພ ກາ TD Π , a 
a aeania aiana a i baian Peete hehe 2 ມາ າຍຊ າ, ἁγνήν ee a ey ah ຈ." ກ ກ + ກ ὶ o u . is t 
ຈໍາ pieirhur i aedi ay titia difti dic eh λος Get RET e e TR TE tef ຊັນ Huet TOv αγ, wt fen as CT Tn ' i E uM 
Vise Sechs pt ສາ“ ຄກາະ ຈກາ Qa aha ສັກ lb ek ed tat A edu ΛΑ MP Ie AAA ກະ “ຂ. “+... <. T Ir TS ; . ῃ = 
A ae Apa a a AAT CARPA S he d RA ຄພພ າລ ດກາດ Rit LA iode, vei d ν ώμο a uu, ñ - 
dad eed padottiin diee ea a ae Aa A ap ire Ma e d Cr t AE ptr E OR LRL M iier m roce il 2: i , 
3 Ciani aii n ກ ໄ, ທຍ, ມ. ເກກ a RE P ຈະຈ າ ເສາ id Mid D IT " 3 y ἃ r M i , 
rir aciei es ba am evi ig i-mayka rina kl dha a aI eal a Te m າງຈາ! ພູ່ 1 il LL ໃ. ໃ >” ) < dada. -Γ " 
νο ο I L od er Todes οι) λα αλα 0-44 Unb cock e Rt αὶ (ະນນ ΡΝ DN 44 n P Ar A. L Ρ 
ii ay iianaq iq aa m αμ ων σαν νοκ eru ψ Atid ο το KV 020 ο <q "6 ae eh fars 5, " " = 
wth tthe aha p dtp pius qp fd: Ao. quita iii i haa ook da A te eet Fd Attis i Ls inde het hd ae, ae ΠΩ m š " ` P ç 
ον ada a aE Oa i w ro καπ μη Pados uo M Labtec 1» ¿k w pw w s າ: ເທກ ກ ເຢ N : 
ttis ibid icem trii ນາ... eee POWER ο ໄ >! 32 <. ພ າ "ນາປ. M Pu A ar P. + 
Adadi dinite dibaha iri aaia aaia Ini 3-12. 2 E PEERS a aa ο δὰ Eh sd tie Cie Cad ripis o AL A ime? M Aa. T n 
ap UWE Pregl) dhe were see vale Ú w file Sul ely a ‘the ον ον. φιόρο ννψθὴ »"ᾱ Ha η kab e ເ 7. t & Fy 
າງ ο VIRA « 9v? q ^T Wm a 1L ag y m, Ce Ron woman Vut eod. biden ໄ te m š + . . . P 
7 ສງສ ມາສາ ພວາ/ສໍນ/ກໍລ ປີ ຍາກສຊົມ 5 ລຸນຄານ "ຢູ່ກ ກ) ກຊ ide dak ran δα ມ ຄ່ pu E Loo AB. ik bold, te Ya LA » ວຈໍາ t a : - f< Γ i 8 
ໄ reped tied ipie ορ με μμ ον DPA décret, deti CRVE κα rt AM rV fı 
e ເ ປທກ ຈາ ອ ປຣ ສ ກະນາ າສ ກະບາສາ າາ ງຈ bir EA et ^ edis NT. . P PAY eee x; d 
' va. ke. ພາ sop awia ku Tai i L UR L L S PENA Π ^.^ », 4 LR αλ. πο . 
Mice Qd ge duc μοριακά ea ἃ ρολ ΙΩΝ. ຽ ¿"w . . ... “Ú °. á - 
L9 Ue rci esie Udine pé Shot πο μι TO ea eR e ຕາ ee k: M Lie ALT IER >e eve P - a 3 4 A 
Ml adeundi imei ri Regii Aer O OA E a a e Op rd rm v Mp i Ad Ido. S aka OS MUR COE A OY hind ມມມ t vi . 
vi Ini “ຈຸ eaa ap ierra Fade dedi reu LE LI EAE e າ ຊ re i RI $509 IP A p- ç Sh J A a? 
pete dtr mast beth rs Lorie deri e dai died Ae eri er De o bad Gr tee ta e te ea dle Pt ” Ó "ໄ" , » ty 
ah! E Ari Lelie ໄງ ເງ +“ "ພ. ເ- ມະ ນາ າ ງງ ມບ ກກສ Δ ເ eM LA αι ET 4 > FS 4 š i ^ 
o atri Aani andain aeiia iaai e a AL aA TAT] Cabra peri Ep e ni Ee ΤΩΝ vè 6. | " ῃ e& 
i RTI Vg ນຍ. pocy ss Puer LAL Far t pe P" παω αρ αλ 4 t ull a aon ກຊ "um ΄ A = ` ” E A າ N 
ete. Bp! pap isa! iride e t Rad Ein bui EA LL Aet A mm «^ າ š Materia aoo Me MAS: d or | Vere ! ກ 
AEN eio repr ມຄ າ rst do ed el EIE M teas ALL Ata lie ຈບ ນາມ Mrs AA rea ble απ ພ KIT yayapa Κας. Aç 2 e q : i 
vie imd arido die s e ei rdiet drei Mee de LEE Lula re Ee A E a a [e ^d Pp Soyo pa TV AIO UE E TD J R E 
- si +" Ow p A " «n9 Y Cd ñ M ເໃ ເ ບ [ 
ແ. ຫາ ο κοκ το Meu Mi m eai P pe i a uane κ μὰ La Leal AR y ^ ‘ LE E í. 2 
4 ο τμ. πλ Ë q: ήν ἂν αφ γαλ τμ ρα αυ ο i າພາ dA, ge cid Pr. , , h 
beet αλλ Lu Piq Li a LLL dk tk cheat ກາກ Pra Pl erii າ ໄ່ 56. M + edt. £3 ul ad bh W . ^ z ` າ 
Αρμός νέος ນດານ ຈາາ ມານຍາ. cle າມາ. op mad MI d ຕ“ ມາຊີ e 4) WA T 4: 1 ຍ ຈ " 
desde! eros de et e DL fe Me edere ie aae bale RLS he Lee en age ER ae. »*. $54 " 
ການງ” ean οτος. Let ολλ belii eid. Lire Die RE a ສົມ. ຈຈ πρ cl c ad A bated a. . " E = . 
ο. ° eni kupapp oa iia ra A a r A Paaie bthan mak il aet iai atda T δ 
sale dii i-e atiis deum eiie dad Me ep A ET ot De oT Pim creta, aia άν κ δώ ας ຈ ᾱ κ ła è n 
+ μι eie kuk CA i Rada Lee Re ຈາຍໄາ າາາ າຈາ quere th deri κ d aai bles ons E BE ACA a P + I 
RE n dr iet dee ini rfr reg tene e d ir pe e Dies AN: ດ່າມ າມາ e L à 
+ + ນມ are DEA e re eni Ras BS nh emat d. RA inh Ane bo BE i b: *. M ` D i 
el ee) νο κ πώ e E Po Mr et te eta dh deri le ສາດນາງ ນ H E 
"+. ໄມ ον ολ ο νο ο ο ο πώ δν μον E . πο 4 3 -- 
νο Biete Ege els c eR I AB dodo i diet e ed M λαο ον αμ κος ” ` . JS 
ຫງາ ຽງງ RTS A RR TE IAE E 
g LU e ονομα ມຈາ Sep Kan KE i M d O 
SEE Baer Ur Mc ab blend dre etre τά rh LR M a RI RT ຽາ ແມ d edt rA t ; 
SSS eir ride Tea e rd a ci aie iliis do aa P c Fd ib der C E dr ee aL T d D 
ຈ 7 LA mee ee ee a ete ee eae ee ae ey 4 ta ted, T p. š; t 
Me. eer qe mig ridi Tas es i] ΣΣ ον ταν κ a teal BA. Maka a T a eA p ST a r i " " A ; 
ແ, ກ ເເກ a Ó 3 LUE E RIA "i L πα νά re νὰ + “ç 6 b x 
a ο μον ακομα ο ο LM d iR LP A Lia AG κών POLLEY. κ, ὃ ; 
idi. oai d SF pata LL dei Ld eri di e ia aci i a ET d μ RS 2 Cad OL] d. bo a ^ 4 + 
ne pee Dread Meier parat at eds oer e Pri te dà Lig [Ie nie pet LA RE tice ote Dy is SL TE a È i ເ : 
BER riri iP, HA n IPSA ο ip id e id x h s n Ὃ το r AA y t f | ) 
ນາ່ edi RR re m Ap ο τν ci sate] EGO IAM . L LD a 
vel Le aeta ee epe pera d e ipti arae ed radio died De tate Ato at La A I ມາ ສມ າສາມ ; ໄ ກ a a 2 
ad AH Ιω າາ PMID. 2411 ງແ.” d ‘ 
Lure ພາຈ Freie tiii Lice dnd, sa ໂຢ ດ" ຫ້ໄ: κά). M. po 3 
ali ο ἥ- ου μπιν rina Lo i ie ipe AAA BEC Mh re CLE ected of eT ah ic et Li. Ad P É ເ Y š 
e a eu Np C Rr ase: -- poo Ail ahaa haa falar a າ 44 Pier B ຊາແງ e, d = Lf δ Ë 
à 5 d d ç c D hd e: "^U 7 2 ງ 
Men ρω. 4 iT a EANA AE deny E A fte RAO! vieni, 4. ທ ຮເ ຄຈບ M N " , 
ως... τά aH ρα. Ç ω ໄເ ASA Η "TM oTt diei á X - à RT. à 
Pda erret a A eat ມ ໄາ HS AR ela Id e Arad tie STS eee ແຫ kg ih je AL e at GEFI w RA ος, ] š 
ο e pa OP ສ າງສ ງສມ iei tta os er A Rd AA er e a RAM CR E RC ee ae y JA, de Ñ າ 
μον πι neat to λαών ye > 25 ເ... ເ? Qa LR C... LS De Wt) ον οι ο ο νά, z TE d da teers v n 





